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A limited number of observers from NCEA will attend the workshop and NCEA will be
represented by myself and Dr. Glinda Cooper.

I have already forwarded to the organizers the following names of NCEA epidemiologists and
other scientists who have expressed strong interest in attending the workshop.

Michael Wright
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Ellen Kirrane
Patricia Murphy
Barbara Glenn
Cheryl Scott
Jennifer Jinot
Karen Hogan

If your name is included above, please send me an email confirming your interest.

If there are others who would like to be observers, please let me know. This will be a small
workshop and space is limited.

Thanks for your interest,
Tom
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State of the Science Workshop: Evaluation of Epidemiological Data Consistency 

For Application In Regulatory Risk Assessment


September 23-24, 2010

Mt. Washington Conference Center Room 202

Baltimore, MD

Day 1


12:00 – 1:00PM Registration


1:00 – 1:45PM Participant introductions; workshop objectives and format – Participants/Co-chairs

1:45 – 2:45PM Stakeholder panel: Perspectives on evaluation of epidemiologic data consistency for regulatory application – Invited industry, government, NGO presenters

2:45 – 3:00PM Break


3:00 – 4:00PM Synthesis of panel presentations/discussion- Co-chairs; Discussion of issues and approaches to developing criteria for evaluating epidemiologic data consistency –                    Co-chairs/Participants

4:00 – 6:00PM Break-out session #1 All

6:30 – 7:30PM Reception 

7:30 – 9:00PM Dinner


Day 2


8:00 – 10:00AM Break-out session #2 All

10:00 – 10:15AM Break


10:15AM – 12:15PM Break-out session #3 All

12: 15 – 1:15PM Lunch


1:30 – 2:30PM Reports from break-out sessions – Break out session leaders/Reporters

2:30 – 4:00PM Discussion of break out session results/Workshop findings and recommendations – All


4:00 – 4:30PM Next steps – Co-chairs/Participants

4:30PM Adjourn


Background Information for State-of-the-Science Workshop: Evaluation of Epidemiological Data Consistency for Application in Regulatory Risk Assessment


Mt. Washington Conference Center


Baltimore, MD


September 23 - 24, 2010


Introduction


Evaluation of Epidemiological Data Consistency for Risk Assessment


The value of epidemiological data for risk assessment has been widely discussed, with some criticism that epidemiological data are too often flawed by quality issues and incompletely controlled sources of bias (see, for example, Graham et al. 1995). Epidemiological studies of environmental agents involving typical ambient levels of exposure have been particularly characterized as uninformative or especially susceptible to bias and uncontrolled confounding because the target for estimation is often relatively small risk ratios that are dismissed as "weak associations" (Gamble and Lewis 1996). Proponents of use of epidemiological data, while acknowledging the limitations of observational studies, advance its strengths; the investigation of the effects of real exposures as received by the general population, the characterization of effect across the full range of susceptibility in the population and, most significantly, the direct relevance of epidemiologic evidence to public health (Whittemore 1986; Gordis 1988; Hertz-Picciotto 1995; Burke 1995; Samet, Schnatter, and Gibb 1998). In addition, the ability to ascertain relatively low relative risks has improved with advances in exposure assessment and study design methodologies. Methodological challenges in the use of epidemiological data in quantitative risk assessment, and need to apply modern biostatistical techniques as well as appropriately present results from risk assessments that utilize epidemiological studies, have also been noted (Nurminen et al. 1999; Stayner et al. 1999; Schwartz 2002; Ryan 2003). 


While epidemiological data are faulted as a basis for regulation, in other domains such as clinical medicine and public health, systematic evidence gathering, assessment, and synthesis processes have been developed and are widely applied in order to frame policies around clinical trial and observational evidence.  In clinical medicine, the movement toward “evidence-based” approaches involves conducting systematic reviews (e.g., Cochrane reviews
) to serve as the basis for developing clinical guidelines, grounded in the current science and acknowledging uncertainties.  Processes for the conduct of such reviews are well established.  


Systematic reviews are also important for characterizing the strength of evidence to support an association or effect: e.g., whether a drug is efficacious or a particular exposure causes a disease.  Standard terminology has been developed to describe the strength of epidemiological evidence supporting disease causation (e.g., the Hill criteria (Hill, 1965)), and has been implemented in reports such as the U.S. Surgeon General reports on the health consequences of smoking (U.S. Department of Health and Human Services, 2004), the Institute of Medicine report on compensation for presumptive war-related health impacts on military personnel (2008), and which also informed the U.S. Environmental Protection Agency scientific assessment document for particulate matter (EPA, 2009). 


As epidemiological and risk assessment techniques have become more sophisticated, a growing body of literature has developed to address the use of epidemiological studies in quantitative risk assessment. Guidelines for the conduct of epidemiological research and criteria/frameworks for evaluation and use of epidemiological studies in risk assessments have been offered to strengthen the evidence base used in public health policy decision-making (IARC 1991; Hertz-Picciotto 1995; Auchter 1995; Federal Focus Inc. 1996; Federal Focus Inc. 1999; WHO-Europe 2000; USEPA 2005; Goldbohm et al. 2006; Swaen 2006; Vlaanderen et al. 2008). The criteria or frameworks provided by this literature are intended to improve the quality and validity of the studies themselves, as well as the risk analyses in which they are used.


Workshop on Evaluating Consistency in Epidemiological Data


In evaluating whether epidemiologic data provides a causal association for the purposes of regulatory-related risk assessment, a key unaddressed issue is defining and operationalizing the concept of consistency across studies.  Assessments of data consistency are often a controversial component of regulatory-related risk assessments, and contradictory determinations regarding data consistency often result from varying stakeholder perspectives. Additionally, in the face of apparent inconsistency between study results, the selection of a particular study or set of studies may be a critical determinant of the outcome of a risk assessment.


Key issues and related questions to be considered in the workshop with respect to evaluating consistency among epidemiological studies for regulatory applications include the following:


Topic 1A: What is the definition of a trend, and how should a trend be identified?


· How might the shape of exposure-response function/gradients (e.g., monotonic, a plateauing or a more stair-case type pattern) inform assessment of a trend?  


· Should a statistical test be the basis for deciding if a trend is present?  If so, what considerations should be used in choosing the test and the level of statistical significance to be used?  If a statistical test was not presented in a published paper (or if the optimal test was not conducted), what options for statistical testing are available to someone evaluating the data? 


· How can differences among studies in the quality of the exposure assessment be transparently and reasonably incorporated into the evaluation of the presence/strength/shape of the observed exposure-response trend? 


Topic 1B: What factors should be considered when evaluating the consistency of findings across varying lengths of follow-up or exposure windows?


· When two or more studies of the same cohort are available, with different lengths of follow-up, what are the considerations (i.e., type of disease, mechanism of disease, age-interactions etc.) for determining the follow-up window that is most relevant to the risk assessment question? 


· How can differences among studies in the length of follow-up or exposure windows be transparently and reasonably incorporated into the evaluation of consistency of observed effects? 


Topic 2: How do we consider variation in outcome definition in interpreting the consistency of results across studies?


· How can variation in study findings on potentially related health outcomes be evaluated?


· How can the quality of the disease definition (i.e., reliability and validity, or refinement by subtype) be considered when evaluating consistency (or variation) in effect measures among studies?


Topic 3: How do we consider variation in exposure measurement in interpreting the consistency of results across studies?


· How can we account, in a formal and transparent manner, for an expected attenuation of an effect estimate due to exposure misclassification when evaluating the consistency of results from studies using different types of exposure assessment methodologies?  


· What are the differences in approaches to this issue that can be used in situations in which numerous studies focusing on a specific type of exposure are available, and situations in which there are relatively few studies of a specific agent, perhaps within a larger collection of studies with more general exposure assessments?

· What criteria could be applied in selecting specific data points (exposure groups) for the evaluation of the consistency of data among studies?   


Topic 4: What approaches can be considered in evaluating large bodies of epidemiologic evidence with respect to determining consistency of findings?


· What could be the basis for selection of a “weight of evidence” (inclusion of all available study results) versus a “strength of evidence” (selection of the “best quality” or “most informative” studies) approach to evaluating consistency across epidemiologic study data?


· What criteria could be applied in selecting studies for inclusion and for selecting specific data points (e.g., subgroups or exposure groups) in assessments of epidemiological data consistency for each of these approaches? 

· How should factors such variation in study design, study population, differing exposures to pollutant mixtures (ambient and occupational exposures), and mode of action information be considered?


Case studies related to these topics have been provided to stimulate workshop discussions. The specific issues and selected case study examples from the epidemiological and clinical studies literature are discussed in more detail below. The purpose of providing information on the studies and data presented below and in the Appendix is to inform the workshop discussions through examples from the scientific literature that illustrate the issues that will be the focus of workshop discussions. The intent is not to engage in a review or critique of the specific study methodology or data quality, nor the study’s findings or interpretation of the results as applied to regulatory policy.


Topic 1

Topic 1A: What is the definition of a trend, and how should a trend be identified?


The presence of an exposure-response gradient is an important consideration within the Hill framework for establishing causality. If risk increases at higher levels of exposure, alternative explanations other than causality become less tenable.  The exposure-response curves seen in several occupational cohort mortality studies suggest that curve shapes other than linear may be consistent with demonstrating an exposure-response function/gradient under certain circumstances. The underlying form of the exposure-response relationship is a consequence of biological mechanisms and many alternative forms are plausible. When assessed in an observational study, the form of the exposure-response relationship may be affected in complicated ways by exposure measurement error and modeling approaches.  It may also be dependent on the range of exposures covered by the study and the suite of modifying factors.  


One type of “trend” that has been observed consists of elevated point estimates for some exposure categories, but a plateauing or dampening of the response at higher exposures. Sometimes a similar level of response is witnessed across all exposure groups. How do we interpret this collective evidence, particularly when the range of exposures covered differs between the studies (i.e., some studies cover a wider range or higher exposures).


General Questions for Discussion:


· How might the shape of exposure-response function/gradients (e.g., monotonic, a plateauing or a more stair-case type pattern) inform assessment of a trend?


· Should a statistical test be the basis for deciding if a trend is present?  If so, what considerations should be used in choosing the test and the level of statistical significance to be used?  If a statistical test was not presented in a published paper (or if the optimal test was not conducted), what options for statistical testing are available to someone evaluating the data? 


· How can differences among studies in the quality of the exposure assessment be transparently and reasonably incorporated into the evaluation of the presence/strength/shape of the observed exposure-response trend? 


Background:


Stayner L et al., Attenuation of exposure-response curves in occupational cohort studies at high exposure levels. Scand J Work Environment Health. 2003;29:317-324.  [Publication available on request.]

Stayner et al. note that several occupational cohort mortality studies have observed exposure-response curves that flatten or adopt a negative slope at high levels of exposure, regardless of whether a traditional positive linear exposure-response curve was witnessed at low exposure levels. Drawing upon studies of dioxin, silica, cadmium, and arsenic, six possible explanations for this occurrence are discussed: bias introduced by the healthy worker effect, depletion of the number of susceptible people in the population at high exposure levels, a natural limit on the relative risk for diseases with a high background rate, mismeasurement or misclassification of exposures, the influence of other factors that vary by the level of the main exposure, and the saturation of key enzymes or other processes involved in the development of disease. 


1. Bias introduced by the healthy worker effect: The healthy worker effect has two components - the bias in the selection of people only healthy enough to work, and the survival effect such that only those healthy enough to work will continue to work. Workers who leave the workplace earlier may do so due to problems that may or may not be associated with the disease being studied. These workers will have a lower cumulative exposure than their longer working colleagues, and yet potentially experience a greater level of sickness.



2. Depletion of the number of susceptible people in the population at high exposure levels: It has been posited that some parts of the population are more susceptible to certain diseases than other parts. After many of the susceptible people have contracted the disease, the exposure response curve may plateau as the population which remains at risk contains increasingly fewer susceptible individuals.



3. Natural limit on the relative risk for diseases with a high background rate: If a disease has a high background rate among the unexposed population, then it may be more difficult to detect an increase in the cause-specific mortality rate. In addition, the exposure itself may not result in a large increase in the specific mortality rate due to the prevalence of the disease.



4. Mismeasurement or misclassification of exposures: Exposure mismeasurement or misclassification could introduce a bias either toward or away from the null hypothesis. In terms of this discussion, however, Strayner et al. assert that frequently in occupational studies, exposed workers may experience more misclassification than unexposed workers and highly exposed workers may experience more misclassification than lower exposed workers. 



5. Influence of other risk factors that vary by the level of the main exposure: Not addressing other risk factors may bias the exposure-response curve by introducing potential confounders or effect modifiers. This is a particular problem in occupational cohort mortality studies where information on employment or exposure outside of the occupational setting is lacking.



6. Saturation of key enzymes or other processes involved in the development of disease: Stayner et al. discuss certain situations where the extent of exposure is not directly proportional to the biologically effective (internal) dose. In these situations, the exposure-response curve might flatten at higher levels because increasing exposure intensity is biologically not important.


Topic 1A - Case Study 1: Acrylonitrile

Marsh GM et al., Mortality among chemical plant workers exposed to acrylonitrile and other substances. Am J Indus Med 1999;36:423-36. [Publication available on request.]

Methods


Marsh and colleagues followed workers at a chemical manufacturing plant in Lima, Ohio. The workers were a group of 992 white males who were employed at the plant for at least three months between 1990 and 1996. Over 70% of the cohort was employed at the Lima plant for at least five years. Death certificates were used to trace the causes of mortality among workers. A particular focus of this study was lung cancer mortality (bronchus, trachea and lung, ICDA-9 162).  Worker exposure to the chemical of interest, acrylonitrile was categorized based on an exposure assessment conducted by industrial hygienists. The assessment provided quantitative historical estimates of acrylonitrile exposure, and was combined with job titles and the manufacturing history of the plant to yield calendar time-specific acrylonitrile exposure estimates by job title. Duration of exposure, cumulative exposure, and average intensity measures were developed and used as 3- or 4-level categorical variables. The industrial hygiene assessment also evaluated potential for exposure to nitrogen products, asbestos, 1,3-butadiene, and depleted uranium. Smoking history data were obtained from a questionnaire mailed to cohort members and through review of medical records. Expected deaths for the cohort were computed against the average from both the U.S. and the region where the workforce primarily resided. Exposure-response modeling was conducted with relative risk regression modeling of cause-specific time to death using internal controls (i.e., workers classified as unexposed to acrylonitrile). Trend tests were performed on exposure variables that exhibited a monotonic increase or decrease in parameter estimates.  


Results


Marsh et al. identified 110 deaths in the cohort, and the cause for 108 of these deaths. Fifteen lung cancer deaths were observed, for an SMR of 0.92 (95% CI 0.52-1.52) compared with US rates and 0.95 (95% CI 0.53-1.57) compared with county rates.  When limited to unexposed workers, the SMR using the county comparison rates for lung cancer was 0.66 (95% CI 0.24-1.44) for unexposed workers and 1.32 (95% CI 0.60-2.51) among ever exposed workers. Lung cancer mortality risk in relation to measures of acrylonitrile exposure are shown in Table 1-1, below. 


		Table 1-1.  Lung cancer mortality risk in relation to measures of acrylonitrile exposure  in 932 male workersa





		Exposure measure 

		N deaths

		RR

		(95% CI)

		(trend p-value)



		Duration of acrylonitrile exposure (yrs)



		Unexposed

		6

		1.0  

		(referent)

		(not conducted)



		>0–4.9

		3

		1.71

		(0.25–8.94)

		



		5.0–13.9

		3

		2.28

		(0.35–11.38)

		



		14.0+

		3

		2.15

		(0.34–10.70)

		



		Cumulative exposure (ppm-yrs), 3 categories

		



		Unexposed

		6

		1.0

		(referent)

		(not conducted)



		>0–7.9

		2

		1.96

		(0.81–12.04)

		



		8.0+

		7

		2.07

		(0.58–7.58)

		



		  Cumulative exposure (ppm-yrs), 4 categories

		



		Unexposed

		6

		1.0  

		(referent)

		(not conducted)



		>0–7.9

		2

		1.97

		(0.18–12.10)

		



		8.0–109.9

		4

		2.15

		(0.43–9.33)

		



		110.0+

		3

		1.97

		(0.31–9.42)

		



		  Average exposure (ppm)



		Unexposed

		6

		1.0

		(referent)

		(not conducted)



		>0–4.9

		3

		1.97

		(0.31–9.54)

		



		5.0–11.9

		3

		1.70

		(0.26–8.26)

		



		12.0+

		3

		2.64

		(0.42–12.67)

		



		Additional Adjustment for time since first employment



		  Duration of acrylonitrile exposure (yrs)



		Unexposed

		6

		1.0

		(referent)

		(0.26)



		>0–4.9

		3

		1.25

		(0.17–7.03)

		



		5.0–13.9

		3

		1.82

		(0.26–9.66)

		



		14.0+

		3

		2.20

		(0.34–11.24)

		



		  Cumulative exposure (ppm-yrs), 4 categories

		



		Unexposed

		6

		1.0

		(referent)

		(0.29)



		>0–7.9

		2

		1.27

		(0.10–8.94)

		



		8.0–109.9

		4

		1.60

		(0.29–7.57)

		



		110.0+

		3

		2.19

		(0.34–10.70)

		



		Average exposure (ppm)



		Unexposed

		6

		1.0  

		(referent)

		(0.19)



		>0–4.9

		3

		1.18

		(0.16–6.84)

		



		5.0–11.9

		3

		1.46

		(0.22–7.29)

		



		12.0+

		3

		2.91

		(0.46–14.13)

		



		a Based on relative risk regression for cancer of the bronchus, trachea, and lung, adjusted for age and calendar time.  Trend test conducted if a monotonically increasing or decreasing pattern in the parameter estimates was seen.   


Source:  Marsh GM et al.  Mortality among chemical plant workers exposed to acrylonitrile and other substances. Am J Ind Med. 1999;36:423-36 (from Tables 8 and 9).





Topic 1A - Case Study 2: Pentachlorophenol

Demers PA et al. Cancer and occupational exposure to pentachlorophenol and tetrachlorophenol.  Cancer Causes Control 2006;17:749–758. [Publication available on request.] 

Methods


Demers and colleagues assessed the carcinogenic potential of dermal exposure to pentachlorophenol and tetrachlorophenol among sawmill workers in British Columbia, Canada. The cohort consisted of 26,487 male workers employed between 1950 and 1995 for at least one year in one of the 14 sawmills in B.C. Personal identifying information and job history were obtained from mill records, and used to link individuals with death records, the BC Cancer Incidence File, and the Canadian Cancer Data Base. Exposure assessment was based on historical information and personal records. These were used to create exposure-constant time periods, when exposures were expected to relatively remain the same for each job. Jobs were classified into 100 types per time period. Interviews with senior workers were used to estimate the chemical exposure for each job type within each time period. The methods of standard incidence ratio (SIR) and standardized mortality ratios (SMR) were employed to analyze the data. The rates for the workers were compared against provincial rates for British Columbia, and 95% confidence intervals were calculated assuming a Poisson distribution. For exposure-response modeling using an internal comparison group (i.e., workers in the lowest category of exposure), relative risks (RR) were calculated using maximum likelihood methods, adjusting for for age and time period using Poisson regression. 


Results


Overall, there were 5,850 (21% of cohort) deaths and 977 (4%) workers lost to follow up; 2,571 cancers were diagnosed. Cancer mortality and incidence risk in relation to estimated pentachlorophenol exposure for selected types of cancer are shown in Table 1-2 below.  

		Table 1-2. Cancer mortality and incidence risk in relation to estimated pentachlorophenol exposure in 23,929 male sawmill workers, British Columbia, Canada (from Demers et al., 2006, Tables 4 and 6)






		

		

		

		

		

		

		Mortality

		Incidence



		

		

		

		

		

		

		(0 years latency)     

		(0 years latency)

		

		10 years latency

		

		20 years latency



		Cancer 


(total n)

		Exposure-years

		   n

		RR

		(95% CI)

		

		     n

		RR

		(95% CI)

		

		     n

		RR

		(95% CI)

		

		     n

		RR

		(95% CI)



		Lung


(482 deaths


 519 incident


       cases)

		  <1 


  1–2 


  2–5 


  5+

		198


73


108


103

		1.0


1.05


0.96


1.10

		(referent)


(0.80–1.4)


(0.75–1.2)


(0.85–1.4)

		

		216


78


119


106

		1.0


1.11


1.07


1.12

		(referent)


(0.86–1.5)


(0.84–1.4)


(0.87–1.4)

		

		225


75


117


102

		1.0


1.17


1.09


1.16

		(referent)


(0.89–1.5)


(0.85–1.4)


(0.90–1.5)

		

		268


70


108


73

		1.0


1.08


1.05


1.13

		(referent)


(0.82–1.4)


(0.83–1.3)


(0.86–1.5)



		

		(trend p-value)

		

		(0.68)

		

		

		

		(0.45)

		

		

		

		(0.30)

		

		

		

		(0.40)



		Kidney 


(50 deaths


 79 incident


       cases)

		  <1 


  1–2 


  2–5 


  5+ 

		15


6


17


12

		1.0


1.33


2.59


2.30

		(referent)


(0.51–3.5)


(1.22–5.5)


(1.00–5.3)

		

		32


9


22


16

		1.0


1.03


1.79


1.66

		(referent)


(0.49–2.2)


(0.99–3.2)


(0.85–3.2)

		

		34


10


19


16

		1.0


1.26


1.59


1.75

		(referent)


(0.61–2.6)


(0.85–2.9)


(0.89–3.4)

		

		39


7


21


12

		1.0


0.96


1.94


1.80

		(referent)


(0.42–2.2)


(1.06–3.5)


(0.87–3.7)



		

		(trend p-value)

		

		(0.02)

		

		

		

		(0.07)

		

		

		

		(0.08)

		

		

		

		(0.03)



		Non-Hodgkin’s lymphoma


(49 deaths,


 92 incident 


      cases)

		  <1 


  1–2 


  2–5 


  5+ 

		15


6


18


10

		1.0


1.21


2.44


1.77

		(referent)


(0.46–3.2)


(1.2–5.1)


(0.75–4.2)

		

		38


13


24


 17    

		1.0


1.33


1.88


1.71

		(referent)


(0.70–2.5)


(1.1–3.3)


(0.91–3.2)

		

		39


12


26


 15   

		1.0


1.53


2.34


1.78

		(referent)


(0.79–2.98)


(1.34–4.07)


(0.92–3.47)

		

		46


13


21


   12

		1.0


1.83


2.05


1.98

		(referent)


(0.95–3.5)


(1.1–3.7)


(0.97–4.06)



		

		(trend p-value)

		

		(0.03)

		

		

		

		(0.06)

		

		

		

		(0.02)

		

		

		

		(0.02)



		Multiple myeloma


(23 deaths


 25 incident


      cases)

		  <1 


  1–2 


  2–5 


  5+ 

		4


5


4


10

		1.0


3.30


1.58


4.80

		(referent)


(0.87–12.5)


(0.38–6.6)


(1.4–16.5)

		

		6


4


4


11    

		1.0


2.09


1.30


4.18

		(referent)


(0.57–7.6)


(0.34–5.0)


(1.4–12.9)

		

		6


5


5


  9  

		1.0


3.1


1.80


3.92

		(referent)


(0.90–10.7)


(0.50–6.54)


(1.21–12.7)

		

		8


3


6


   8

		1.0


1.72


2.05


3.84

		(referent)


(0.43–6.95)


(0.62–6.78)


(1.2–12.3)



		

		(trend p-value)

		

		(0.03)

		

		

		

		(0.02)

		

		

		

		(0.04)

		

		

		

		(0.03)



		Liver


(22 deaths


 21 incident


       cases)  

		  <1 


  1–2 


  2–5 


  5+

		4


5


8


5

		1.0


3.46


3.72


2.53

		(referent)


(0.91–13.2)


(1.04–13.3)


(0.61–10.4)

		

		3


4


12


2

		1.0


4.09


8.47


1.41

		(referent)


(0.89–18.8)


(2.2–32.4)


(0.21–9.2)

		

		3


4


12


2

		1.0


2.12


4.90


0.91

		(referent)


(0.48–9.29)


(1.53–15.7)


(0.16–5.2)

		

		19


1


1




		1.0


0.61


0.44




		(referent)


(0.08–4.7)


(0.05–3.5)






		

		(trend p-value)

		

		(0.10)

		

		

		

		(0.18)

		

		

		

		(0.33)

		

		

		

		(0.38)



		Analyses based on Poisson regression, adjusting for age, calendar and time period, and race.  Mean work duration: 9.8 yrs, mean follow-up: 24.5 yrs





		Table 1-2 (continued). Cancer mortality and incidence risk in relation to estimated pentachlorophenol exposure in 23,929 male sawmill workers, British Columbia, Canada (from Demers et al., 2006, Tables 4 and 6)





		

		

		

		

		

		

		Mortality

		Incidence



		

		

		

		

		

		

		(0 years latency)     

		(0 years latency)

		

		10 years latency

		

		20 years latency



		Cancer 


(total n)

		Exposure-years

		   n

		RR

		(95% CI)

		

		     n

		RR

		(95% CI)

		

		     n

		RR

		(95% CI)

		

		     n

		RR

		(95% CI)



		Stomach


(90 deaths


 105 incident


       cases)

		  <1 


  1–2 


  2–5 


  5+

		25


21


18


26

		1.0


2.25


1.19


2.15

		(referent)


(1.25–4.1)


(0.63–2.3)


(1.19–3.9)

		

		36


21


25


23

		1.0


1.90


1.49


1.61

		(referent)


(1.10–3.3)


(0.86–2.6)


(0.91–2.9)

		

		40


18


25


22

		1.0


1.70


1.45


1.60

		(referent)


(0.96–3.0)


(0.84–2.5)


(0.90–2.9)

		

		48


19


25


13

		1.0


1.86


1.64


1.43

		(referent)


(1.06–3.3)


(0.97–2.8)


(0.73–2.8)



		

		(trend p-value)

		

		(0.05)

		

		

		

		(0.11)

		

		

		

		(0.11)

		

		

		

		(0.12)



		Colon


(131 deaths


 187 incident


       cases)

		  <1 


  1–2 


  2–5 


  5+ 

		42


25


37


27

		1.0


1.66


1.47


1.26

		(referent)


(1.00–2.8)


(0.92–2.4)


(0.750–2.2)

		

		64


35


48


40

		1.0


1.72


1.50


1.49

		(referent)


(1.13–2.6)


(1.00–2.2)


(0.97–2.3)

		

		66


35


47


39

		1.0


1.91


1.55


1.61

		(referent)


(1.25–2.9)


(1.03–2.3)


(1.04–2.5)

		

		85


38


35


29

		1.0


1.90


1.13


1.54

		(referent)


(1.3–2.8)


(0.74–1.7)


(0.97–2.4)



		

		(trend p-value)

		

		(0.31)

		

		

		

		(0.07)

		

		

		

		(0.03)

		

		

		

		(0.13)



		Rectum


(54 deaths,


 158  incident 


      cases)

		  <1 


  1–2 


  2–5 


  5+ 

		21


5


7


21

		1.0


0.65


0.53


1.89

		(referent)


(0.24–1.8)


(0.22–1.3)


(0.97–3.7)

		

		63


25


27


43

		1.0


1.27


0.89


1.70

		(referent)


(0.79–2.0)


(0.55–1.4)


(1.10–2.6)

		

		67


25


26


40

		1.0


1.36


0.86


1.65

		(referent)


(0.85–2.2)


(0.53–1.4)


(1.07–2.6)

		

		79


23


26


30

		1.0


1.27


0.95


1.90

		(referent)


(0.79–2.1)


(0.59–1.5)


(1.19–3.0)



		

		(trend p-value)

		

		(0.14)

		

		

		

		(0.07)

		

		

		

		(0.11)

		

		

		

		(0.05)



		Soft tissue sarcoma (23


incident cases)

		not analyzeda

		

		18


3


2

		1.0


0.64


0.18

		(referent)


(0.18–2.2)


(0.04–0.85)

		

		18


3


2

		1.0


0.80


0.22

		(referent)


(0.23–2.8)


(0.05–1.03)

		

		20


1


2

		1.0


0.34


0.33

		(referent)


(0.04–2.6)


(0.07–1.6)



		

		(trend p-value)

		

		

		

		

		

		(0.11)

		

		

		

		(0.06)

		

		

		

		(0.12)



		Analyses based on Poisson regression, adjusting for age, calendar and time period, and race.  Mean work duration: 9.8 yrs, mean follow-up: 24.5 yrs.


aHistology data were used for the classification of soft tissue sarcoma, so mortality data (from death certificates, without detailed histology information) was not analyzed for this disease.








Topic 1B: What factors should be considered when evaluating the consistency of findings across varying lengths of follow-up or exposure windows?


General Questions for Discussion:


· How can differences among studies in the length of follow-up or exposure windows be transparently and reasonably incorporated into the evaluation of consistency of observed effects?


· When two or more studies of the same cohort are available, with different lengths of follow-up, under what conditions (i.e., type of disease, mechanism of disease, age-interactions etc.) would longer follow-up be expected to produce a more valid effect measure?  Under what conditions would a longer follow-up expected to produce a less valid effect measure? 


· When the magnitude of observed effects from multiple data sets shows apparent variation with different lengths of follow-up, how would you decide if these data are “consistent”?


Studies of occupational cohorts may analyze the same or similar cohorts with varying lengths of follow-up. Several studies have found that differences in time-related exposure metrics vary the exposure-response effect or trend that is observed, with effects that are seen earlier not being observed later, or effects only emerging after the passage of a greater period of time. 


In using the findings of epidemiological research to characterize trends in risk or dose-response over time, trends might be explored in one or more time dimensions:  time since follow-up began, time since exposure, chronological age, and calendar time.  Risks might plausibly vary across each of these scales and such variation might be relevant in the development of models for dose-response relationships.  An example of the complexity that can occur with time-related measures can be seen in the analysis of radon-induced lung cancer. The BEIR VI Committee had access to a large and rich data set, created by merging the data from 11 cohorts of underground miners.  The final risk model showed a decline in relative risk with increasing time since exposure and with increasing attained age.  This time-varying model should be contrasted with the more typical analyses that provide evidence on dose-response that is cross-sectional in time and reflective of a particular point of follow-up.  Consideration should be given to the uncertainty associated with such estimates and to the utilization of time-dependent models like that developed by the BEIR VI model.  


Case Study Material 

Background reading:


· Committee on Health Risks of Exposure to Radon. Health Effects of Exposure to Radon: BEIR VI. National Research Council 1999; ISBN: 0-309-52374-5. p286-289. [See Appendix page A3] 


Topic 1B - Case Study 1: Formaldehyde 


Beane Freeman LE et al. Mortality from lymphohematopoietic malignancies among workers in formaldehyde industries: the National Cancer Institute Cohort. J Natl Cancer Inst 2009;101:751-61. [Publication available on request.]

The National Cancer Institute originally studied a cohort of workers in formaldehyde-producing and formaldehyde-using plants. The study followed the cohort through December 1979, and updated the results through December 1994. The relative risks for lymphohematopoietic malignancies, including leukemia (particularly myeloid leukemia), were found to increase with increasing peak and average intensity exposure to formaldehyde. Beane Freeman and colleagues continued to update the study by extending the mortality follow-up by ten years, or through December 2004.  


The cohort included 25619 workers employed in plants manufacturing or using formaldehyde. All workers were employed before January 1966, and cause of death was ascertained using death certificates (prior to 1980) or the National Death Index Plus (after 1980). Exposure assessment remained the same from the initial study, and was based upon individual work histories and expert assessments of job titles and associated tasks. Each job was associated with a continuous 8-hour, time-weighted average formaldehyde intensity and with a categorical level of peak exposure (intermittent exposure to a relatively high level with categories including none, 0- <0.5 ppm, 0.5- <2.0 ppm, 2.0- <4.0 ppm, and ≥4.0 ppm). Workers contributed to the study in years, or person-time at risk, from year of first employment at the plant or cohort identification, till death or December 2004.  Data were analyzed using US mortality rates as the referent, with standardized mortality ratios (SMRs) calculated using sex-, race-, age-, and calendar-year – specific rates.  Relative risks, using the lowest nonzero category of exposure as the internal referent group, were estimated with Poisson regression analysis stratified by  calendar year (5-year categories), age (5-year categories), sex, and race (white or other); and adjusted for pay category (salary, ever wage, or unknown). Lag intervals from 2 to 25 years were evaluated. However, no strong support was found to support a longer compared with a shorter lag interval, so results were reported with a 2 year interval.


The cumulative relative risk was calculated in yearly increments from 1965 to 2004 and displayed graphically to allow examination of how the observed associations between exposure (peak or average intensity) and specific diseases changed as the length of follow-up increased.  These results are shown graphically in Figure 1 and 2, below.  The graphs show the relative risk estimate for the medium and high exposure categories (with the low exposure category of the referent) by year of end of follow-up for all lymphohematopoietic cancer (HLP), non-Hodgkin lymphoma (NHL), Hodgkin lymphoma (HDG), multiple myeloma (MM), leukemia (LEU), lymphatic leukemia (LYL), and myeloid leukemia (MYL).  Above each of the smaller graphs is a plot of p-value for the trend test using the continuous exposure measure. 


Beane Freeman et al., Figures 1 and 2
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Topic 1B - Case Study 2: Vinyl Chloride 

Mundt KA et al. Historical cohort study of 10,109 men in the North American vinyl chloride industry, 1942-72: update of cancer mortality to 31 December 1995. J Occup Environ Med 2000; 57: 774-781. [Publication available on request.] 

A large cohort (approx. 10,000) of men employed in the North American vinyl chloride industry between 1942 and 1972 was initially followed for mortality to the end of 1972 (Cooper, 1978), and then 1982 (Wong et al., 1991). The study found excess mortality from cancer of the liver and biliary tract, from angiosarcoma of the liver, and cancer of the brain.


Mundt and colleagues extended the follow-up to 1995. The cohort included 10,109 male employees who worked for at least one year (between 1942 and 1972) at a plant producing vinyl chloride monomer (VCM) or polyvinyl chloride resin (PVC). Follow-up began 1 year after first exposure to vinyl chloride or in 1942, whichever was more recent. Approximately 50% of the cohort began work before 1959, and 50% began between 1960 and 1972.  Cause of death was based on death certificates coded to the ICD-9. Standard mortality ratios were calculated against U.S. population and against the 15 states in which the plants were located. Analysis based on national rates resulted in higher SMRs compared to the state-based rate analysis for some diseases, and the state-based results were presented to reduce potential confounding from regional differences in mortality rates. The SMR analyses were also stratified by duration of employment, time since first employment, age at first employment, year of first employment in a job exposed to vinyl chloride, and vinyl chloride production start date for the plant.


Results

Cancer of the liver and biliary tract was found to be in excess (SMR 359, 95% CI 284 to 446), and remained increased till the end of the follow-up period (see figure 1 below).  Mortality caused by cancer of the liver and biliary tract increased with disease duration (categorized as 1-4 years, 5-9 years, 10-19 years, and ≥20 years), and also for time since first exposure. Of the deaths from cancer of the liver and biliary tract, 41% were identified as liver angiosarcomas, with only duration of exposure acting as a significant predictor.  Thirty-six deaths due to brain cancer were observed, for an SMR of 142 (95% CI 100-197), but this SMR was lower than that seen in earlier studies from this cohort (see Table 1-4, below). Brain cancer risk was greatest for workers exposed for ≥20 years. Excess mortality was also greatest at plants where production began before 1946. There was also an unexplained lack of excess risk for workers with 10-19 years of exposure. (Changes in brain cancer risk by decade of follow-up shown in Figure 2 below.)  In addition, new associations between VCM and PVC exposure and cancer were observed, although these trends were based on only a small number of cases. The cancers included cancer of the tongue (SMR 202, 95% CI 97 to 371), connective and other soft tissue (SMR 270, 95% CI 139 to 472), and peritoneum (SMR 216, 95% CI 93 to 427). For cancer of connective and soft tissue, significant excesses were seen for workers employed 10-19 years and ≥20 years. 


		Table 1-4. Results from a series of studies of North American vinyl chloride exposed workers






		

		Cooper (1978)

		Wong et al. (1991)

		Mundt et al. (2000)



		N

		9,677

		10,173

		10,109



		Follow-up period, from 1942 

		to Dec 31, 1972

		to Dec 31, 1982

		to Dec 31, 1995



		Liver cancer


   n observed cases


   SMR (95% CI)

		not reported

		n = 


641

		n=80


359 (284 - 446)



		Angiosarcomas


   n observed cases

		n = 8

		n = 15

		n = 33 or 48a



		Brain cancer


   n observed cases


   SMR (95% CI)

		n=12


203 (118 - 364)b

		n = 


180 (xx – xx)

		n=36


142 (100 - 197)



		Soft tissue sarcoma

		

		

		



		   n observed cases


   SMR (95% CI)

		not reported

		n = 




		N=12


270 (139 - 472)



		a depending on ascertainment method; death certificates or death certificates + registry


bnot included in paper; calculated using OpenEpi - Boice-Monson confidence intervals:





NOTE: COMPLETED TABLE TO BE PROVIDED AT THE WORKSHOP


Mundt et al 2000, Figure 1
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Mundt et al 2000, Figure 2
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Two other large studies of vinyl chloride exposed workers are available.  Ward et al (2001) is an update of a European multicenter cohort study, and Boffetta et al. (2003) is a meta-analysis of the studies of Mundt et al. and Ward et al., and 6 other studies.  


Ward Elizabeth et al. Update of the follow-up of mortality and cancer incidence among European workers employed in the vinyl chloride industry. Epidemiology Nov. 2001; 12(6): 710-718. [Publication available on request.]

The IARC initially conducted a multicenter cohort study of European workers in the vinyl chloride industry. Centers for the study included plants in Italy, Norway, Sweden, and the United Kingdom. A significant excess of liver cancer mortality was observed (SMR= 2.86, 95%


CI: 1.86–4.25), and was found to be associated with time since first exposure, duration of employment, and estimated rank and quantitative exposures.


Ward and colleagues extended the follow-up of the cohort by approximately eight years. Analyses were conducted for 12,700 male workers with at least one year of employment from 1955 to 1986, with follow-up through 1997.  Age and calendar specific national mortality rates for males were used as the SMR reference, and person-years at risk was measured. Mortality was further stratified by time since first employment, calendar period of hire, and age at hire. Exposure was stratified by employment as an autoclave worker, duration of employment, ranked level of exposure (based on their maximum exposure level at any job), and cumulative exposure to VCM in the air. Job exposure was estimated by industrial hygienists for 22 broad categories. Poisson regression analyses were used to conduct internal exposure-response analyses for cancer incidence and deceased cases. When modeling the risk, a log linear model with log transformed exposure [RR = exp(B*log cumulative exposure)] was found to have the best fit.


Results

In this updated study, 53 deaths from liver cancer were observed, compared with 24 deaths in the original study. This study found an increased SMR from liver cancer (SMR: 2.40, 95% CI: 1.80–3.14); the SMR in the original study was = 2.86). In total, 71 cases of liver cancer were identified, including 37 angiosarcomas, 10 hepatocellular carcinomas, 7 cases of other known histologies, and 17 cases of unspecified type of liver cancer. Liver cancer mortality was elevated in the cohorts from Italy, Sweden, and the United Kingdom, as well as among PVC production plants and mixed VCM and PVC production plants. A Poisson regression of liver cancer revealed strong positive trends for time since first employment, duration of employment, and cumulative exposure, but negative trends for later calendar period of hire and later age at hire, by themselves. When combined, only cumulative exposure was found to be an important predictor. Cumulative exposure was then subdivided into 13 categories, and dose was modeled at a continuous variable based on the midpoints of these categories. The result was RR 2.0 (95% CI: 1.7–2.4) for liver cancer for one logarithmic unit of cumulative exposure. For angiosarcomas, the RR was 2.9 (95% CI: 2.2–3.9) for one logarithmic unit of cumulative exposure. Poisson regression analysis for hepatocellular carcinomas demonstrated marked trends with respect to time since first employment, duration of employment, and cumulative exposure.  With respect to other cancers and diseases, the SMR for brain cancer decreased slightly between the initial study (SMR: 1.07, 95% CI: 0.59–1.80) and this analysis (SMR: 0.93, 95% CI: 0.60–1.39), and showed no linear trends with respect to the mortality and exposure variables considered. Results from the analysis of incidence were generally similar to the mortality, except for soft tissue sarcoma for which the SMR was 1.89 (95% CI 0.69-4.11) and the SIR was 0.57 (95% CI 0.12-1.67).  

Boffetta P, Matisane L, Mundt KA, and Dell L. Meta-analysis of studies of occupational exposure to vinyl chloride in relation to cancer mortality. Sand J Work Environ Health 2003; 29(3): 220-229. [Publication available on request.]

Boffetta et al. conducted a meta-analysis of the studies of Mundt et al. and Ward et al., described above, and 6 additional smaller studies not included in either of those studies.  All of the exposed cohorts were exposed to vinyl chloride during monomer production and polymerization. From the studies, Boffetta et al. abstracted information regarding the number of observed and expected deaths for all malignant neoplasms and specific neoplasms, standardized mortality ratios (SMR), and 95% confidence intervals (CI). Study specific heterogeneity was assessed before the data was pooled; and when the p-value was ≥0.01, Boffetta et al. “concluded that the study-specific results were adequately similar”. The meta-analysis was based on random-effects modeling.


Results


The SMR for liver cancer was increased in all of the studies except one from the former Soviet Union, for which no liver cancer deaths were reported. Study specific SMRs ranged from 1.36 to 57.1 and were “too heterogeneous to be included in a meta-analysis”. There were 133 liver cancer deaths in the two multicenter studies, of which 65 were known cases of angiosarcoma. The remaining cases included histologically confirmed hepatocellular carcinomas, liver cancers of other known histology, and primary liver cancers with an unspecified histology; this latter group may also have included additional, un-identified angiosarcomas. When deaths from angiosarcoma were not included in the analysis, the pooled SMR from liver cancer deaths was 1.35, 95% CI: 1.04-1.77. Results for other cancers are shown in Table 1-5, below. 


		Table 1-5. Results from a series of studies of  vinyl chloride exposed workers (adapted from Boffetta et al., 2003, Tables 1 – 5)






		

		

		

		

		Results: SMR (95% CI)



		

		Total n workers

		Entry criteria

		Follow-up period

		Liver cancer

		Liver cancer, excluding angiosarcoma

		Brain cancer

		Soft tissue sarcoma



		Ward et al. 2001. (Europe a)

		12,700

		1  yr employment, 1955-1986b

		1955-1997

		2.40 


(1.80-3.14)

		1.27 


(0.84-1.83)

		0.93


 (0.60-1.39)

		1.89


 (0.69-4.11)



		Mundt et al.,2000 (US, Canada)

		10,109

		1 yr employment, 1942-1972b

		1942-1995

		3.59


 (2.84-4.46)

		1.8 


(1.3-2.5)

		1.42 


(1.00-1.97)

		2.70 


(1.39-4.72)



		Laplanche et al., 1992 (France)




		1,100

		Present in 1981

		? – 1988

		--

		--

		--

		--



		Smulevich et al., 1988 (Former Soviet Union)

		   3,232

		1 month employment, 1939-1977

		1939-1977

		--

		--

		1.54


 (0.41-3.94)

		1.43 


(0.02-7.95)



		Therlault &Allard, 1981 (Canada)

		     451

		Employed 1948-1972

		1948-1977

		57.1 


(24.6-113)

		--

		--

		5.26 


(0.59-19.0)



		Weber et al., 1981 (Germany)

		  7,021

		Not specified

		? – 1974

		15.2 


(7.86-26.6)

		10.1 


(4.37-20.0)

		1.62 


(0.18-5.85)

		--



		Huang, 1996 (China)

		  5.958

		Employed 1958-1981

		1958-1981

		1.36 


(0.65-2.51)

		--

		--

		--



		Wong et al., 2002 (Taiwan)

		  3,239

		Employed 1950-1992

		1985-1997

		1.78 


(1.15-2.62)

		1.78 


(1.15-2.62)

		2.86 


(0.57-9.16)

		--



		Boffetta et al. 2003 (meta-analysis)

		

		

		

		

		



		   All studies


     (heterogeneity p-value)


     SMR (95% CI)

		

		

		

		(< 0.001)


--

		(< 0.001)


--

		(0.4)


1.26


 (0.98-1.62)

		(0.7)


2.52 


(1.56-4.07)



		   Ward and Mundt

		

		

		

		

		

		

		



		     (heterogeneity p-value)

		

		

		

		(0.03)

		(0.7)

		(0.12)

		(0.5)



		     SMR (95% CI)

		

		

		

		2.96


 (2.00-4.39)

		1.35


 (1.04-1.77)

		1.17


 (0.77-1.77)

		2.41


 (1.45-3.99)





a Italy, Sweden, Norway, United Kingdom

a employed in exposed jobs

Topic 2

Topic 2: How do we consider variation in outcome definition in interpreting the consistency of results across studies?


Some types of diseases and early states of disease in particular may be difficult to define or measure.  Different studies may measure different functional tests or disease markers, which may or may not be considered adverse outcomes.  In some situations, there may be evidence of an abnormality across studies, but there is variation in what specific abnormality is seen (even if some of the same tests are used across studies).  Is that consistency, because there is evidence of damage across the studies, or inconsistency, because the results for specific tests differ among the studies?  A different type of challenge arises when the definitions or classification criteria for a disease change, or become more refined, over time.  In this situation, how should we evaluate consistency between older and more recent studies?  Finally, it can be difficult to interpret the results of various epidemiologic studies that examine a range of effects acting on the same physiological system (e.g., respiratory and cardiovascular system responses to air pollution) which may or may not be coherent with one another.  To what degree should we expect coherency across these outcomes when determining the consistency of an effect?


General Questions for Discussion:


· How can variation in study findings on potentially related health outcomes be evaluated?"


· How can the quality of the disease definition (i.e., reliability and validity, or refinement by subtype) be considered when evaluating consistency (or variation) in effect measures among studies?


Case Study Material 


Topic 2 - Case Study 1: Acute Ambient Ozone Exposure and Pulmonary Function in Children 

A substantial number of field studies have been conducted in the United States, Europe, South America and Asia on respiratory function impacts of acute ozone exposure on healthy and/or asthmatic children. These studies include those that report individual subject results as well as group mean results. More recent field studies of the relationship of pulmonary function in children and ambient ozone exposure can be divided into two categories based on the type of pulmonary function measurements utilized to assess this health outcome, namely measurements utilizing spirometry techniques (forced expiratory volume in one second (FEV1), forced vital capacity (FVC) and other standard spirometric parameters) and peak expiratory flow (PEF) measured in the field using peak flow meters. The 2006 USEPA Air Quality Ozone Criteria Document notes that “PEF measurements have been shown to be more variable than FEV1 in some studies and can have an element of uncertain reliability when self-administered by study subjects”.  In addition to studies that examined the same-day relationship between pulmonary function and ozone concentrations, other studies examined cross-day changes in spirometric measurements to account for the impact of circadian variation in pulmonary function. (See tables below summarizing the results for some of these studies, which include both healthy and asthmatic children, for FEV1 and PEF measurements. A complete list of studies with additional information for each study is included in the Appendix on pages A8 – A23). For FEV1, the standardized percent change associated with acute ambient ozone exposure ranged from -4.6% to +3.41% (per standard unit ppb).  For PEF, the standardized percent change associated with acute ambient ozone exposure ranged from no effect to -3.66%.


		Table 2-1 Percent Changes in FEV1 Associated with Acute Ambient O3 Exposures in Children, Ordered by Effect Size






		Reference

		Study population, analysis

		   N

		% Change (95% CI)



		FEV1  (various lags)

		

		

		



		1. Ulmer et al. (1997)

		School children, Freudenstadt (lag 1)

		57

		–4.60 (–7.54, –1.67)



		2. Ulmer et al. (1997)

		School boys, Freudenstadt and Villingen (lag 1)

		67

		–3.23 (–6.47, 0.00)



		3. Ulmer et al. (1997)

		School children, Freudenstadt and Villingen (lag 1)

		135

		–2.98 (–5.33, –0.63)



		4. Ulmer et al. (1997)

		School girls, Freudenstadt and Villingen (lag 1)

		68

		–2.32 (–5.53, 0.88)



		5. Höppe et al. (2003)

		Asthmatics (ages 12-23, mean 15), afternoon lag 2)

		43

		–2.08 (–6.24, 2.08)



		6. Chen et al. (1999)

		Children, NO2 in model (lag 1)

		895

		–1.97 (–3.51, –0.43)



		7. Chen et al. (1999)

		Children (lag 1)

		895

		–1.48 (–2.84, –0.12)



		8. Höppe et al. (2003)

		Children, morning (lag 0) 

		44

		–1.45 (–4.27, 1.38)



		9. Romieu et al. (2002)

		Asthmatic children (moderate to severe), on placebo (lag 1)

		34

		–0.99 (–1.80, –0.18)



		10. Romieu et al. (2002)

		Asthmatic children (moderate to severe), on placebo (lag 1), NO2 and PM10 in model

		34

		–0.97 (–1.87, –0.07)



		11. Chen et al. (1999)

		Children (lag 2)

		895

		–0.93 (–2.56, 0.71)



		12. Ulmer et al. (1997)

		School children in Villingen (lag 1)

		78

		–0.79 (–3.93, 2.34)



		13. Chen et al. (1999)

		Children (lag 7)

		895

		–0.72 (–1.81, 0.37)



		14. Höppe et al. (2003)

		Asthmatics (ages 12-23, mean 15), afternoon (lag 1) 

		43

		–0.56 (–4.61, 3.50)



		15. Linn et al. (1996)

		School children, next morning

		269

		–0.27 (–0.79, 0.24)



		16. Linn et al. (1996)

		School children, afternoon

		269

		–0.19 (–0.73, 0.35)



		17. Romieu et al. (2002) 

		Asthmatic children (all), on placebo (lag 1)

		78

		–0.19 (–0.71, 0.33)



		18. Höppe et al. (2003)

		Children, afternoon (lag 0) 

		44

		–0.14 (–2.71, 2.42)



		19. Höppe et al. (2003)

		Asthmatics (ages 12-23, mean 15), afternoon (lag 0)

		–43

		––0.10 (–6.59, 6.39)



		20. Romieu et al. (2002)

		Asthmatic children (moderate to severe), on supplement (lag 1),

		47

		–0.04 (–0.80, 0.72)



		21. Romieu et al. (2002)

		Asthmatic children (moderate to severe), on supplement (lag 1), NO2 and PM10 in model

		47

		–0.01 (–0.82, 0.80)



		22. Scarlett et al. (1996)

		School children (lag 1) (FEV0.75 data)

		154

		  0.01 (–0.20, 0.22)



		23. Romieu et al. (2002)

		Asthmatic children (all), on supplement (lag 1)

		80

		  0.04 (–0.52, 0.60)



		24. Höppe et al. (2003)

		Asthmatics, morning (lag 1)

		43

		  0.30 (–3.93, 4.53)



		25. Höppe et al. (2003)

		Children, morning (lag 1)

		44

		  0.83  (–0.53, 2.20)



		26. Höppe et al. (2003)

		Children, afternoon (lag 1)

		44

		  0.93 (–0.80, 2.66) 



		27. Höppe et al. (2003)

		Children, morning (lag 2)

		44

		  1.17 (–0.36, 2.70)



		28. Höppe et al. (2003)

		Children, morning (lag 2)

		44

		  1.20 (–0.12, 2.52)



		29. Höppe et al. (2003)

		Asthmatics, morning (lag 2)

		43

		  1.40 (–3.69, 6.49)



		30. Höppe et al. (2003)

		Asthmatics, morning (lag 0)

		43

		  3.41 (–2.50, 9.33)



		FEV1  (cross-day)

		

		

		



		1. Linn et al. (1996)

		School children (pm – am)

		269

		–0.61 (–1.09, –0.14)



		2. Castillejos et al. (1995)

		School children (post – preexercise)

		40

		–0.48 (–0.72, –0.24)



		Change in FEV1 is per standard unit ppb O3 (40 ppb for 1/2-h max O3 and 1-h max O3, 30 ppb for 8-h max O3, and 20 ppb for 24-h avg O3)


Linn et a. (1996), Romieu et al. (2002) and Ulmer et al. (1997) present change in FEV1 (mL). The data were transformed to percent change by dividing the estimates by 1,900 mL (average FEV1 among 8 to 10 year olds by Hankinson et al., 1999)








		Table 2-2. Percent change in PEF in children associated with acute ambient O3 exposures (selected studies) 





		Reference 

		Study population, analysis

		   N

		% Change* (%, % CI) 



		1. Mortimer et al. (2002)

		Asthma, ages 4-9, lag 1-5

		846

		–1.18 (–2.10, –0.26)






		2. Mortimer et al. (2000)

		Asthma, ages 4-9, lag 1-5, Low birth weight/premature

		170

		–3.66 (–5.30, –2.02) 



		

		Asthma, ages 4-9, lag 1-5, Normal birth weight




		644

		–0.60 (–1.58, 0.38) 



		3. Newhouse et al. (2004)

		Asthma, ages 9-64, lag 1

		24

		–0.181 






		4. Ross et al. (2002)

		Asthma, ages 5-49, morning lag 0-1


Asthma, ages 5-49, afternoon lag 0




		40


40

		-0.96 (-1.78, -0.14)


-1.08 (-1.78, -0.37)






		5. Neas et al. (1995)

		4th and 5th grade children, lag 0

		83

		-0.62 (-1.23, -0.01)






		6. Neas et al. (1999)

		Children, ages 6-11, lag 1, morning 


Children, ages 6-11, lag 1-5, morning


Children, ages 6-11, lag 0, afternoon


Children, ages 6-11, lag 1-5, afternoon              

		156


156


156


156

		-0.74 (-1.54, 0.07)


-0.76 (-2.65, 1.13)


-0.46 (-1.18, 0.27)


-0.26 (-1.40, 0.88)



		

		

		

		



		7. Thurston et al (1997)

		Asthmatic children, ages 7-13

		166

		–1.2% (0.02, -2.4)






		8. Delfino et al. (1997)

		Asthmatic children, age 10-15

		13

		No effect








*Change in PEF is per standard unit ppb O3 (40 ppb for 1/2-h max O3 and 1-h max O3, 30 ppb for 8-h max O3, and 20 ppb for 24-h avg O3)


Topic 2 - Case Study 2: Phthalate Exposure and Male Fertility 


Data from several studies pertaining to the relationship among urinary metabolites in the general population indicate a relatively high correlation among the metabolites of DEHP (MEHP, MEHHP, and MEOHP r > 0.80), a moderate correlation for MBuP and MBzP  (r = 0.50 – 0.75), and a relatively low correlation among other sets of metabolites (i.e., MBuP or MBzP  with MEHP or MEP (r =0.20 – 0.40).  Table 2-3 and 2-4 summarize the set of studies with data pertaining to phthalate exposure and some aspect of male fertility.  These include studies of time to pregnancy and testosterone levels in occupational settings, and studies using a variety of sperm parameters and hormone measures in the general population (18-21 year old military recruits in Sweden) or within an infertility treatment setting (in Boston and in Germany). The time-to-pregnancy study did not observe an association among DEHP-exposed workers (most exposures up to 0.2 mg/m3) (Modigh et al. 2002).  Testosterone levels were lower among exposed workers in China, with an inverse association seen between testosterone and MBuP and testosterone and MEHP (Pan et al. 2006).  In the infertility clinic studies, MBuP and MBzP, but not MEHP, have been associated with reduced sperm concentration or motility, and with increased measures of sperm damage.    


		Table 2-3.   Summary of observed associations between phthalate metabolite concentrations and time to pregnancy or testosterone levels in occupational exposure settings





		Reference

		Study design

		Phthalate levels

		Results



		Occupational setting - time to pregnancy



		Modigh et al. 2002.

		N=227 couples (397 pregnancies); Men who worked at plant producing or using DEHP. Location and task information combined with industrial hygiene data




		DEHP - 5 groups


None: 0 mg/m3 (n=182)


Low:  < 0.1 mg/m3 (n=100)


High:  0.1 – 2.1 (n=44)


   < 0.2 mg/m3 (n=25)


    0.2 - < 0.5 mg/m3 (n=15)


   ≥ 0.5 mg/m3 (n=4)

		Fecundability Ratio (95% CI) by exposure group:


  None    1.0 (referent)


  Low      1.07 (0.84–1.35)


  High      0.97 (0.70–1.33)



		Occupational setting - testosterone levels



		Pan et al. 2006




		N=74 exposed workers (PVC flooring factory), mean work duration = 1 year; 63 controls (construction workers); ages ( 20-50 years, China. Urine (µg/g creatinine)

		Median  urinary levels (µg/g creatinine)


            Exposed  Controls

MBuP       548       114


MEHP      562        5.4


MBuP higher in both groups compared with US (NHANES)

		Free testosterone decreased in exposed compared with controls (p = 0.019).


Among exposed, free testosterone inversely correlated with MBuP (r = (0.25, p= 0.032) and MEHP (r = (0.20, p= 0.095).





		Table 2-4.   Summary of observed associations between phthalate metabolite concentrations, sperm parameters and testosterone levels in epidemiologic studies in general population and infertility settings



		  

		Jönsson et al. (2005)

		Hauser et al. (2007, 2006);   Meeker et al. (2009)

		Herr et al. (2009)



		Total n

		234

		463

		349



		 Population

		Military recruits 

		Infertility clinic

		Infertility clinic



		 Mean age (years)

		18

		34

		34



		 Study area

		Sweden

		United States

		Germany



		Urinary levels (median) 

		(nmol/mmol Cr)

		ng/ml urine, specific gravity-adjusted

		µg/l



		MBuP 

		24

		17.0

		not studied



		MBzP 

		4.4

		8.2

		not studied



		MEHP  

		< LOD (15 ng/ml)

		8.0

		4.4



		Sperm Concentration

		

		

		



		 Mean (× 106 / mL)

		72 

		not reported

		not studied



		  < 20 × 106 / mL (%)

		not reported

		16

		35



		Association seen witha:

		

		

		



		MBuP 

		–7.9 (–33, 17)

		3.3 (1.2, 8.5)

		not studied



		MBzP 

		7.2 (–16, 31)

		1.9 (0.8, 4.3)

		not studied



		MEHP  

		15 (–5.9, 35)

		0.8 (0.4, 1.8)

		1.7 (0.78, 3.6)



		Sperm Motility (WHO A+B)

		

		

		



		 Median %

		56

		

		



		  < 50% motile (%)

		not reported

		48

		80



		Association seen witha 

		

		

		



		MBuP 

		2.1  (–4.0, 8.2)

		1.8 (1.1, 3.2)

		not studied



		MBzP 

		–4.3  (–10, 1.6)   

		1.3 (0.7, 2.3)

		not studied



		MEHP  

		0.1 (–5.8, 6.1)

		1.1 (0.6, 1.9)

		0.79 (0.30, 2.1)



		Sperm Morphology

		

		

		



		< 4% normal (%)

		not reported

		25

		62



		Association seen with 

		

		

		



		MBuP 

		not reported

		0.8 (0.4, 1.6)

		not studied



		MBzP 

		not reported

		1.1 (0.6, 2.1)

		not studied



		MEHP  

		not reported

		0.7 (0.4, 1.5)

		1.9 (0.88, 4.1)



		Sperm DNA Damage

		

		

		



		Association seen with b

		(fragmentation index)

		

		not studied



		MBuP

		–2.6  (–6.2, 1.0)

		%tail:    1.63 (0.20, 3.08)

		



		MBzP 

		–0.3  (–3.7, 3.1)

		CE:        5.12 (0.98, 9.25)


TDM:    2.49 (0.82, 4.13)

		



		MEHP

		0.2  (–3.3, 3.7)

		%tail:    3.06 (1.33, 4.79)

CE:       0.17 (-4.26, 4.58)


TDM:  -0.74 (-2.51, 1.03)




		



		Testosterone 

		

		

		not studied



		Association seen with a       


    MBuP

		–0.7 (–1.2, 2.7)

		–4.65 (–15.7, 6.3)

		



		MBzP 

		  –0.03 (–2.1, 2.0)

		4.58 (–7.91, 17.0)

		



		MEHP

		  0.8 (–1.1, 2.7)

		–14.9 (–27.5, –2.3)

		



		Free testosterone  (T/SHBG) 

		

		

		



		  Association seen with a :    


    MBuP

		  0.09 (–0.02, 0.2)

		0.98 (0.94, 1.01)

		



		MBzP 

		     0.06 (–0.05, 0.2)

		1.03 (0.99, 1.07)

		



		MEHP

		–0.01 (–0.1, 0.1)

		0.98 (0.96, 1.00)

		



		aIn Jönsson et al., results are mean difference between lowest and highest quartile of Cr-adjusted urinary phthalate metabolite concentrations (positive direction indicates lower value in highest quartile); in Hauser et al. and Herr et al., results are OR (95% CI) in highest compared with lowest quartile of exposure. 


bJönsson et al. (2005) used the DNA fragmentation index (percentage of sperms containing denatured DNA) as a measure of DNA integrity. In Jönsson et al. (2005), results are mean difference between lowest and highest quartile of Cr-adjusted urinary phthalate metabolite concentrations (positive direction indicates lower value in highest quartile).  Hauser et al. (2007) used the neutral comet assay to determine comet extent (CE), tail distributed moment (TDM), and percent DNA in the comet tail (%tail); results are given as the beta coefficient (95% Confidence Interval) associated with interquartile range increase in specific gravity-adjusted urinary phthalate metabolite concentration.  





Abbreviations and definitions: 


CE: comet extent, a measure of total comet length


Cr: creatinine


MBuP: monobutyl phthalate


MBzP: monobenzyl phthalate


MEHP: mono-(2-ethylhexyl) phthalate


%tail: percent DNA in the comet tail


TDM: tail distributed moment, an integrated measure of length and intensity


Topic 3


Topic 3: How do we consider variation in exposure measurement in interpreting the consistency of results across studies?


Differences in exposure assessment techniques across studies create difficulties when evaluating the consistency of results. For instance, for a given chemical exposure, some occupational cohort studies delineate workers into broad groups based upon job title, while other studies incorporate individual or area specific measurements. In other studies, individual measurements would more closely account for differences in worker tasks, time periods, and location. Moreover, studies also differ in the consideration of worker history and other confounders, including individual behaviors such as smoking and prior work history. Some studies also account for the fact that exposure measurements themselves may not be accurate by employing statistical principles to reassess the data. In addition, differences in effects or in the statistical significance of results might be observed based on the exposure categories selected for the study. 


Consequently, in reviewing evidence, attention needs to be given to harmonizing exposure categorization to the extent possible, whether for qualitative or quantitative assessment.  There are a variety of ad hoc approaches that can be taken for this purpose.  For example, comparisons may be made between the highest and lowest exposure categories within studies.  

General Questions for Discussion:


· How can we account, in a formal and transparent manner, for an expected attenuation of an effect estimate due to exposure misclassification when evaluating the consistency of results from studies using different types of exposure assessment methodologies?

· What are the differences in approaches to this issue that can be used in situations in which numerous studies focusing on a specific type of exposure are available, and situations in which there are relatively few studies of a specific agent, perhaps within a larger collection of studies with more general exposure assessments?  


· What criteria could be applied in selecting specific data points (exposure groups) for the evaluation of the consistency of data among studies?

Background reading:  


Institute of Medicine of the National Academies.  Report on Asbestos: Selected Cancers.  2006. Chapter 10 Stomach Cancer and Asbestos. [Publication available on request.]

 The following excerpt (see next page) from the Asbestos: Selected Cancers report (IOM 2006) describes issues of exposure assessment in evaluating study quality and informativeness for causal inference.  These same considerations may apply to study evaluations for risk assessment purposes.


[image: image5.emf]

Topic 3 - Case Study 1: Asbestos Exposure and Risk of Stomach Cancer

A large number of studies of cancer risk and asbestos exposure are available. The two figures and summary table that follow show results from studies of asbestos and stomach cancer risk comparing "any" exposure to "no" exposure (Figure 10-1 from IOM 2006) and comparing the highest (most extreme) exposure to "no" exposure (Figure 10-2 from IOM 2006). 
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Categories of exposure assessment method quality for cohort and for case-control studies were defined as summarized below.  Ultimately studies in categories 1 and 2 that allowed analysis of exposure gradients were combined in meta-analyses (see Table 3-1, below)


		Relative Quality Category

		Characteristics of Exposure Assessment:


Cohort Studies

		Characteristics of Exposure Assessment:


Case-Control Studies



		1 




		Concentration of asbestos fibers from workplace measurements

		Exposure assessed by an “expert” or using asbestos-specific job-exposure matrix






		2

		Qualitative dose scales

		Exposure assigned based on proxy respondent or multipurpose job-exposure matrix






		3

		Exposed v. non-exposed

		Self-report or very limited work history





		Table 3-1.  Summary of Epidemiologic Studies of Asbestos Exposure and Stomach Cancer, by Study Design, Comparison Group, and Exposure Assessment  Quality (IOM 2006)






		Study type

		Comparison

		Study Populations Included

		N study populations

		Summary


RR (95% CI )

		Between Study SD



		Cohort

		Any vs. none




		All

		42

		1.17


(1.07-1.28)

		



		

		High vs. none




		Lower bounda

		12

		1.31


(0.97-1.76)

		



		

		

		Upper bounda

		13

		1.33


(0.98 - 1.79)

		



		Case-control

		Any vs. none




		All

		5

		1.11


(0.76-1.64)

		0.32



		

		Any vs. none




		Relative Quality  Category 1 

		3

		0.91


(0.45-1.84)

		0.48



		

		

		Relative Quality  Category 2 

		2

		1.43


(0.70-2.93)

		0.42



		

		High vs. none

		Relative Quality  Category 1

		5

		1.42


(0.92-2.20)

		0.00



		a For studies that reported dose-response relationship on multiple gradient metrics, the smallest “high vs. none” RR was used to compute the lower bound, and the largest “high vs. none” RR was used in computing the upper bound.  





Topic 3 - Case Study 2: Pesticide Exposure and Risk of Parkinson’s Disease 


Brown et al. Pesticides and Parkinson’s Disease – Is There a Link? Environ Health Perspect 2006;114:156-164. [Publication available on request.]

· Case-Control Studies: History of Pesticide Exposure:
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Figure 3-x. Forest plot of case–control studies examining pesticide exposure and the risk of developing PD.


(a) Results taken from meta-analysis of Priyadarshi et al. (2000). (b) Unmatched calculation; figures unavailable for matched analysis. (c) Adjusted OR. (d) Assuming no missing responses and using cardiovascular patient control group. (e) Exposure to pesticides and fertilizers.


Source:  Brown et al. Pesticides and Parkinson’s Disease – Is There a Link? Environ Health Perspect 2006;114:156-164.


· Case-Control Studies: History of Paraquat/Maneb Exposure:


Details of 5 studies with specific information about paraquat or maneb exposure are shown in Table 3-2.

		Table 3-2.  Summary of Parkinson Disease Case-Control Studies With Information on Maneb or Paraquat 



		Reference, design, location

		n cases, controls, disease definition, age

		Exposure assessment

		Prevalence of Exposure (%)

		Results


OR (95% CI)



		Hertzman et al. (1994), case-control, British Columbia

		N=127 cases, 245 controls (124 from voter records, V, and 121 cardiac patients, C), medical records. Mean age = 71 years

		Structured interview, 79 agricultural chemicals; cue cards with trade names

		Any fungicide


  Cases       (15.7)


  V             (21.0))


  C             (16.5)    


Any herbicide


  Cases      (37.0)


  V            (30.6)  


  C            (45.5


Paraquat


  Cases       (4.7)


  V             (3.2)


  C             (4.1)

		Any fungicide


  V: 0.52 (0.25, 1.08)


  C: 1.04 (0.49, 2.24)

Any herbicide 


  V: 1.19 (0.57. 2.45)


  C: 1.02 (0.50, 2.07)


Paraquat


  V; 1.11 (0.32, 3.87)


  C: 1.25 (0.34, 4.63)



		Liou et al. (1997), clinic-based case-control, Taiwan

		N=120 cases, 240 controls. Mean age = 58 years.

		Structured interview, residential and occupation exposure to pesticides; identification of specific pesticides

		

		Paraquat


  3.22 (2.41, 4.31)


1-19 yr (vs. o): 


  0.96 (0.24-3.83)


20+ yr (vs. 0):


  6.44 (2.41-17.2)



		Firestone et al. (2005). Population-based case-control, incident cases 1992-2002 (HMO), Washington

		N=250 cases, 388 controls, neurologist confirmation. Median age 71 years 

		Structured interview, occupational exposure = worked on machines that sprayed chemicals, applied pesticide sprays or powers by hand or worked in an area that had recently been sprayed; Checklist of specific pesticides (commercial names)

		Any pesticide


  Cases         (12)


  Controls    (12)


Any fungicide


  Cases        (1.3)


  Controls    (2.5)


Any herbicide


  Cases           (6)


  Controls      (3)


Paraquat


  Cases        (1.3)


  Controls    (0.8)

		Any pesticide


  1.01 (0.53, 1.92)


Any fungicides


  0.38 (0.07, 2.05)


Any herbicide


  1.41 (0.51, 3.88)


Paraquat


  1.67 (0.22, 12.76)



		Kamel et al. (2007). Nested case-control (Agricultural Health Study), Iowa and North Carolina. Baseline + 5 yr f-up

		N=83 prevalent cases, 49,600 controls; n=78 incident cases, 34,050 controls.. Self-reported physician diagnosis. 

		Self-administered questionnaire at enrollment, ever use 50 specific pesticides by licensed pesticide applicators and spouses

		Maneb/mancozeb


  Cases         (11)


  Controls      (7)


Paraquat


  Cases          (9)


  Controls     (7)

		Maneb/mancozeb


  Prev:  1.0 (0.4, 2.4)


  Incid: 1.1 (0.5, 2.4)


Paraquat


  Prev: 1.8 (1.0, 3.4)


  Incid: 1.0 (0.5, 1.9)



		Costello et al. (2009). Population-based case-control, incident cases, 1998-2007, 3 counties in California

		N=368 cases, 341 controls, neurologist confirmation. Mean age, 68 years.

		Pesticide-specific exposures within 500 meter of home, cumulated over time, based on GIS coding: telephone interview – residence hx +  Pesticide Use Reports + land use maps

		Maneb


  Cases          (1)


  Controls     (0)


Paraquat


  Cases          (40)


  Controls     (45)


Maneb+Paraquat


  Cases          (24)


  Controls     (14)

		Maneb


3.04 (0.30, 30.86)


Paraquat


1.01 (0.71, 1.43)


Maneb+Paraquat


  1.75 (1.13, 2.73)





Topic 4


Topic 4: What approaches can be considered in evaluating large bodies of epidemiologic evidence with respect to determining consistency of findings?

Two general approaches have been used in efforts to summarize and assess large amounts of scientific information or to determine the basis for a causal relationship between chemicals/pollutants and health effects. One approach for summarizing large amounts of information for a causal assessment is a weight of the evidence approach (WOE).  Formal meta-analysis with weighting of studies by size (i.e., inverse of study variance) could be considered a WOE approach.  IARC and the US EPA also use a WOE approach for assignment of cancer classifications.  A second approach for summarizing information is a strength of the evidence (SOE) approach.  The SOE approach selects studies for inclusion in the science review and/or causal assessment based on the quality of the study typically utilizing a set of criteria as the basis for the inclusion decisions. Review papers of epidemiology studies on substances where there are many studies (e.g., criteria air pollutants such as particulate matter and ozone) often use this approach. When there are many studies, these SOE "qualitative reviews" often summarize information from a few large high quality studies sometimes referred to as “informative studies”.   Decisions regarding study selection are embedded in various approaches to the analysis of data from multiple epidemiological studies.  


General Questions for Discussion:

· What could be the basis for selection of a “weight of evidence” (inclusion of all available study results) versus a “strength of evidence” (selection of the “best quality” or “most informative” studies) approach to evaluating consistency across epidemiologic study data?


· What criteria could be applied in selecting studies for inclusion and for selecting specific data points (e.g., subgroups or exposure groups) in assessments of epidemiological data consistency for each of these approaches? (See for example criteria from WHO 2000 and USEPA PM and Ozone Criteria Documents included in the Appendix). 

· How should factors such variation in study design, study population, differing exposures to pollutant mixtures (ambient and occupational exposures), and mode of action information be considered?


Case Study 1: USEPA Criteria Documents (CDs) and Integrated Assessment Documents (ISAs) for Ozone and Particulate Matter


As a component of the process used by the US EPA in compiling the science related to the review of National Ambient Air Quality Standards (NAAQS) for criteria air pollutants, the U.S. EPA prepares a compendium of the epidemiological evidence (formerly a “Criteria Document”, now called an “Integrated Science Assessment”), with emphasis on studies published since the previous review was conducted. These documents contain the EPA’s criteria for inclusion of studies in these documents, which relate to study population selection, methodological issues regarding data analysis and interpretation, exposure assessment, and health outcome measurement, as well as study relevance to the NAAQS under review. Extracts of the text from these documents with these criteria are provided in the Appendix pages A25-A30.  


Case Study 2: World Health Organization (Europe) Guideline Document: Evaluation and Use of Epidemiological Evidence for Environmental Health Risk Assessment (2000)


The WHO Guideline Document prepared criteria for what was viewed as two distinct components of environmental health risk assessment: health hazard characterization and health impact assessment. Criteria related to the evaluation and use of epidemiological study data for health hazard characterization are particularly relevant to the Topic 4 issues and questions. These criteria can be summarized as follows:


1) Development of a systematic review protocol that is defined in advance


2) Identification of relevant studies via a comprehensive review


3) Systematic assessment of the validity of the epidemiologic studies based on


a. The evidence on strength of association, its temporality, biological plausibility,


coherence, consistency and specificity;


b. Characteristics of exposure response-relationships


c. Alternative explanations for the observed associations. They fall into three categories: chance, bias (information, selection, analytic), and confounding;


d. Results of any sensitivity analysis.


4) Conduct of systematic overviews of evidence from multiple studies, including the use of metaanalysis

See excerpt Appendix pages A31-A33.  
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age-at-exposure effect. Whether the decline in risk with age and time depends
on the age at initial exposure was not investigated, and it is unlikely that data
were adequate to address this question adequately.

With a categorical treatment of age at first exposure, substantial improve-
ment in the fit of the model was observed only for China and Czechoslovakia.
With quantitative treatment (see Table D-18), New Mexico and France also
demonstrated such irriprovement. For China, New Mexico, and France, the quan-
titative estimates indicated a decrease with increasing age at first exposure. For
Czechoslovakia, the effect was in the opposite direction, but analyses by Toméasek
and others (1994a), based on revised exposure and follow-up data, did not iden-
tify such an effect. No clear trend was present with the categorical treatment
applied to all 11 cohorts and ERR/exposure for those under age 20 was generally
similar to ERR/exposure for those age 20 and older. The effects of age at first
exposure were re-evaluated with inclusion of other variables (time since expo-
sure, attained age, and exposure rate or duration); details are not given, but this
approach did not lead to modification of the decision not to include age at first
exposure in the final model.

Time Since Exposure and Time Since Last Exposure

In initial analyses of individual cohorts, NCI addressed the effects of both
time since last exposure and time since exposure,! with both treated as categori-
cal variables. Inclusion of either of the variables substantially improved the fit of
the model (p < 0.05) in the China, Czechoslovakia, Colorado, Newfoundland,
and Port Radium cohorts. For the Beaverlodge cohort, time since last exposure
substantially improved the fit, but time since exposure did not, and, in general,
the improvement in fit seemed to be stronger for time since last exposure. For
cohorts with substantial improvement in fit, ERR/exposure was found to decrease
with either decreasing time since last exposure or decreasing time since exposure.
Limited power could have been the reason that effects were not demonstrated in
the remaining cohorts; the Ontario cohort was the only large cohort in this
category. '

Analyses with time since last exposure treated as a quantitative variable were
also conducted and were based on the exponential model (see Table D-18).
Using this approach, all cohorts noted above showed a substantial improvement
in fit; in addition, such an improvement was found for the Swedish cohort. In all

1To address the effects of time since exposure (as opposed to time since last exposure) on radon-
induced lung cancer, separate parameters were fitted for each of 4 time-since-exposure windows.
This model can be written RR =1 + 8 w”, where w* = 01 W14 + Oy Wigs.04 + 03 Wos.34 + Oy W35,
and 6, is set equal to 1, and where, for example, ws_y4 indicates the exposure received 5-14 years
earlier. This is the same approach as used in the BEIR IV report, although BEIR IV combined the
last 2 categories; the last 2 categories were also combined in the NCI analyses for some cohorts with
. insufficient data.

Copyright © National Academy of Sciences. All righté reserved.
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but Radium Hill and France, the estimated effect indicated a decline in risk with
increasing time since last exposure.

Joint analyses of data from all 11 cohorts were based on time-since-exposure
windows. Time since exposure was found to significantly improve the fit of the
model even after inclusion of attained age and of either exposure rate or exposure
duration. Joint analyses also included specific statistical tests to address the
homogeneity of the time-since-last-exposure effect across cohorts after adjust-
ment for other variables. Those analyses, which treated time since last exposure
as a quantitative variable, provided evidence that the modifying effects of this
-variable varied significantly across cohorts. No analyses addressing lack of
homogeneity of time since exposure effects are presented.

Although results based on both time since exposure and time since last
exposure are presented, it is difficult to separate the effects of these'2 vari-
ables, because many miners had fairly short durations of exposure. Com-
parison of p values for the 2 approaches applied to individual cohorts suggests
that time since last exposure improved the fit slightly more than time since
exposure.

Another aspect of the time-since-exposure effect is the minimal latency pe-
riod. To address that issue, analyses based on each of several lag periods were
conducted. They indicated that the 5-year lag period was a reasonable choice.

Exposure rate and duration of exposure

Considerable variation in exposure rate occurred among the 11 cohorts. The
highest exposure rates generally occurred in early calendar-year periods, and they
declined in later years. Exposure rate varied from < 0.3 WL to more than 30 WL,
and exposure duration varied from < 1 year to more than 35 years.

It is important to note that exposure rates for individual miners must be
inferred from average estimates of both WL and hours spent in the mine in a
specific period. In most cohorts, these values were available only on an annual
basis, and both were subject to measurement error. A particular concern is that
earlier measurements, when exposure rates were largest, were generally subject
to much greater errors than later measurements. »

Analyses treating both exposure duration and average exposure rate as cat-
egorical variables were conducted for each of the 11 cohorts. For exposure
duration, significant improvements in fit were found for all cohorts except
Ontario, Sweden, Radium Hill, and France. For exposure rate, significant im-
provements were found.for all cohorts except Sweden, New Mexico, Port Ra-
dium, Radium Hill, and France. The direction of these effects with quantitative
treatment of exposure rate indicated a decrease in risk with increasing exposure
rate in all cohorts except France (see Table D-18). ‘

" Because higher exposures were generally observed in earlier periods of mine
operation, there was concern that the exposure-rate effect might represent a time-

Copyright © National Academy of Sciences. All rights reserved.

A4





Health Effects of Exposure to Radon: BEIR VI
http://www.nap.edu/catalog/5499.html

288 ‘ APPENDIX D

since-exposure effect. However, the exposure-rate effect persisted after adjust-
ment for time since exposure.

Considerable effort was given to determining whether the effect of exposure
rate was best described by ‘using exposure rate directly or by using exposure
duration and to determining whether a power or exponential model was more
appropriate. The analyses did not provide a clear-cut answer, and final risk
models used power models for both exposure rate and exposure duration. Analy-
ses addressing homogeneity of the effect across. cohorts provided evidence of
lack of homogeneity for exposure rate with the exponential model but not for the
other models evaluated (duration with the exponential model and both rate and
duration with the power model). ,

Brenner and Hall (1990) have postulated that the inverse exposure-rate effect
might be primarily a high-dose (or high-dose-rate) phenomenon. The NCI report
presents ERR/exposure estimate by categories defined by both cumulative expo-
sure and exposure rate. These suggest that the exposure-rate effect is strongest
at the highest cumulative exposures, but data are inadequate to estimate the -
exposure-rate effect reliably at very low cumulative exposures.

Lubin and others (1995b) recently conducted further analyses of data from
the 11-underground miner cohorts addressing the inverse exposure-rate effect.
These analyses confirmed inverse exposure-rate effects in all cohorts but one.
Separate measures of the exposure-rate effect (based on the power model) were
estimated for each of 6 categories defined by cumulative exposure, and they
indicated a lessening of the effect with decreasing exposure. Data in the lowest
exposure category (< 50 WLM) were compatible with no inverse exposure-rate
effect. .

~ Most of the NCI analyses were based on either total duration of exposure or
average exposure rate obtained as the total WLM divided by exposure duration.
Although those variables were allowed to change as miners were followed, analy-
ses did not take full account of the variation in exposure rate that might have
occurred over a miner’s employment period. For example, once the exposure
was completed and the latency period had passed, a miner with a constant expo-
sure rate of 4 WL would be treated similarly to a miner with an exposure rate of
7 WL for the first half of his exposure period and similarly to a miner with a rate
of 1 WL for the second half. For miners with longer exposure periods, this
approximation might not have been adequate. However, analyses were con-
ducted that included separate estimates of the modifying effect of exposure rate
(or exposure duration) for each of 4 time-since-exposure windows; these analy-
ses yielded no indication that this treatment improved the fit over analyses based
on a single average exposure rate.

Tomasek and others (1994a) and Thomas and others (1994) conducted analy-
ses of data from the Czech and Colorado cohorts, respectively, in a way that took
into account detailed exposure rate histories. They fitted a model based on X, w9,
where i indexes periods (months for the Czech cohort and years for the Colorado

Copyright © National Academy of Sciences. All rights reserved.

A5





Health Effects of Exposure to Radon: BEIR VI
http://www.nap.edu/catalog/5499.html

MINER STUDIES ' 289

cohort), and w, indicates the exposure rate in period i. It can be shown that if the
exposure rate were constant over the entire exposure period, then ¢ — 1 would
correspond to 7 in the power model described above that was applied in the NCI
combined analyses. For both the Czech and Colorado data, ¢ — 1 was estimated
to be about —0.5. The comparable values estimated for those cohorts in the NCI
analyses were similar: —0.66 for the Czech cohort and —0.78 for the Colorado
cohort.

Arsenic and Other Exposures

Two of the miner cohorts (China and Ontario) had quantitative data on
arsenic exposure, and Ontario, Colorado, New Mexico, and France had data
indicating whether miners had previous mining experience. Analyses were con-
ducted to investigate the effect of those variables on lung-cancer risks after
adjustment for radon WLM. Risks were found to increase with increasing arsenic
exposure and to be larger for subjects with previous mining experience than for
subjects without such experience. ERR/exposure for radon exposure was esti-
mated both with and without adjustment for arsenic exposure or previous mining
experience. For the China cohort, that reduced ERR/exposure from 0.61% to
0.16% but did not have a large effect on estimates from the other cohorts. There
was no significant variation in ERR/exposure across categories of arsenic expo-
sure or previous mining experience. It is noted that in all NCI analyses discussed
thus far, the baseline risk was adjusted for arsenic and other exposures in cohorts

- for which data were available. It is possible, of course, that inadequate data or
lack of data on such exposures could have biased results for any of the cohorts.

The effect of exposure to silica was investigated by Samet and others (1994)
By examining whether the presence of silicosis, a fibrotic lung disease caused by
silica, was associated with lung cancer in a case-control study of New Mexico
underground uranium miners. No evidence of such an association was found, but
data were too sparse to rule out the possibility that silica exposure could substan-
tially bias lung-cancer risk estimates for miners. Radford and St. Clair Renard
(1984) investigated the role of silicosis in a case-control study and found no
evidence of association with lung-cancer risk.

Overall Evaluation of Statistical Analyses Conducted .
Thus Far, with Emphasis on NCI Report

Overall, the NCI analyses provide a comprehensive summary of nearly all
the relevant data on underground miners exposed to radon and radon progeny.
The application of the same methods to all cohorts (parallel analyses) facilitate
comparing results across cohorts, and combining data across cohorts (joint analy-
ses) provides greater power for investigating various issues than would be avail-
able from any single cohort. The statistical methods are appropriate and in

'

Copyright © National Academy of Sciences. Al rights reserved.
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Topic 4: Optimizing approaches to evaluating consistency
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Criteria for Inclusion of Studies in Criteria Pollutant CD/ISAs and S‘ellection in Risk Assessments

Ozone CD (2006) Vol. 1 Chapter 7

The main criterion for selecting literature for the present assessment is to include those identified
studies that evaluated relationships between measured ambient O, levels and human health
outcomes, which are pertinent to the evaluation of scientific bases useful for derivation of O,
NAAQS for the United States.

Consideration of the consistency of the effects associations, as discussed in the following
sections, involves leoking across the results of multiple- and single-city studies conducted by
different investigators in different places and times. Relevant factors are known to exhibit much
variation across studies, including, for example, the presence and levels of copollutants, the
relationships between central measures of O, and exposure-related factors, relevant demographic
factors related to sensitive subpopulations, and elimatic and meteorological conditions. Thus, in
this case, consideration of consistency and the related heterogeneity of effects are appropriately
understood as an evaluation of the similarity or gc&leml concordance of results, rather than an

expectation of finding quantitative results within a very narrow range.
In assessing the relative scientific quality of epidemiclogic studies reviewed here and to

assist in interpreting their findings, the following considerations were taken into account:

(1) To what extent are the acrometric data/exposure metrics used of adequate quality and
sufficiently representative to serve as credible exposure indicators, well-reflecting
geographic or temporal differences in study population pollutant exposures in the
range(s) of ambient pollutant concentrations evahaated"

{21 Were the stady pc&pulaftiom well defined and ac’fequa’cdy selected so as to allow for

meaningful comparisons between study groups or for meaningful ’eempoiai analyses
of health effects results?
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(3) Were the health endpoint measurements meaningful and reliable, including clear
‘ definition of diagnostic eriteria utilized and censmtem,y in obtaining dependent
variable measurements?

(4) Were the statistical analyses used appropriate, as well as properly performed and
interpreted?

(5) Were likely important covariates (e.g., po’éenﬁai confounders or effect modifiers)
adequately controlled for or taken into account in the study design and stamstn,ai
analyses?

(6) Were the reported findings internally consistent, biologically plausible, and coherent
in terms of consistency with other known facts? :

pgs 7-3 to 7-5

Note: The above “quality” criteria were first developed for the 1996 PM CD, and included in the
2004 PM CD.
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7.1.4 Approach to Presenting Ozone Epidemiologic Evidence

To produce a thorough appraisal of newly available evidence, key information {including
-study design, analysis, mean Oy concentrations, and health outcome results) from important new
 studies is presented in summary tables in the Chapter 7 Annex (Annex Section AX7.1). Each
section of this chapter starts by coneisely highlighting inportant points derived from the 1996 O,
AQCD assessment. In the main body of the chapter, particular emphasis is focused on studies
and analyses that provide pertinent information for the eritical assessment of health risks from O,
exposure. Not all studies are a-ccorﬁed equal weight in the overall interpretive assessment of
evidence regarding Os-associated health effects. Among well-conducted studies with adequate
control for confounding, increasing seientific weight is accorded in proportion to the precision of
their effect estimates. Small-scale studies without a wide range of exposures generally produce
less precise estimates compared to larger studies with a broad exposure gradient. The size of the
study, as indicated by the length of the study period and total number of events, and the
variability of Oy exposures are important components that help to determine the precision of the
health effect estimates. In evaluating the epidemiologic evidence in this chapter, more weight is
accorded to estimates from studies with narrow confidence bands.

Emphasis is placed in the text on the discussion of (1) new multicity studies that employ
standardized methodological analyses for evaluating O, effects across several or numerous cities
and often provide overall effect estimates based on combined analyses of information pooled
across multiple cities; (2) studies that consider O, as a component of a complex mixture of air
pollutants including PM and other gaseous criteria pollutants (CO, NO,, SO,); and (3) North
American studies conducted in the United States or Canada. Multicity studies are of particular
mterest and value due to their evaluation of a wider range of O, exposures and large numbers of
observations. They generally provide more precise effect estimates than most smaller scale
studies of single cities. Compared to meta-analyses of multiple “independent” studit-.é, a

potential advantage of multicity studies is their consistency in data handling and model
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specifications, which eliminates variation due to analysis approach. Also, nnlike meta-analyses,
they do not suffer from potential omission of nonsignificant results due to “publication bias.”
Furthermore, geographic patterns of air pollution effects have the potential to provide especially
valuable evidence regarding relative homogeneity and/or hetemgéneify of O, health effects
relationships across geographic locations. Due fo the potential for confounding by copollutants,
preference is given to studies with effect estimates from multipollutant models, i.e., models with
both O; and PM rather than O-only models. The potential impacts of different health care
systems and the underlying health status of populations also need to be accounted for in the
assessment (Hubbell et al., 2005; Levy et al., 2001}; thus, ULS. studies are rsmphasigeﬂ over

non-U.S. studies. In accordance to the emphasis placed on the O, epidemiologic studies in this

.Pgs. 7-25,7-26

PM CD (2004)

exposures are generally not considered here. Criteria used for selecting literature for the present
asseszment include mz{iniy whether a given study includes information on: (1} amibient PM
indices (e.g., PM;q PM, 5, PMyy 5 5, etc.) of short- and long-term exposures as a key element;

(2) analyses of health effects of specific PM chemical or physical constituents (e.g., metals,
sulfates, nitrates or ultrafine particles, ete.) or indicators related to PM sources {e.g., motor
vehicle emissions, combustion-related particles, earth crustal particles); ( 3} evaluation of health
endpoints and populations not previously extensively researched; (4) multiple pollutant analyses
and other approaches to addressing issues related to potential confounding of effects and effects
mbdificatian; and/or (S}SEEKEeS addressing important methodological issues (e.g., lag structure,

model specification, thresholds, mortality displacement) related to PM exposure effects.
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PMISA (2009)

In general, in assessing the scientific quality and relevance of health and environmental effects
studies, the followi ng con51de1at1011s have been taken into account when selecting studies for
inclusion in the ISA or its annexes. The selection process for studies included in this ISA is shown in
Figure 1-1.

= Are the study populations, subjects, or animal models adequately selected and are they
sufficiently well defined to allow for meaningful comparisons between study or exposure
groups?

* Are the statistical analyses appropriate, properly performed, and properly interpreted?
Are likely covariates adequately controlled or taken into account in the study design and
statistical analysis?

= Are the PM aerometric data, exposure, or dose metrics of adequate quality and
sufficiently representative of information regarding ambient PM?

= Are the health or welfare effect measurements meaningful and reliable?

In selecting epidemiologic studies, EPA considered whether a given study cortained
information on associations with shott- or long-term PM exposures at or near ambient levels of P\iI
evaluated health effects of PM size fractions, components or source-related indicators; considered
approaches to evaluate issues related to potentxal confounding by other pollutants; assessed potential
effect modifiers; and evaluated important methodological issues (e.g., lag or time period between
exposure and effects, model specifications, thresholds, mortality chsplacemen‘f) related to
interpretation of the health evidence. Among the epxdemmlocm studies selected, particular emphasis
was placed on those studies most relevant to the review of the NAAQS. Specifically, studies
conducted in the U.S. or Canada were discussed in more detail than those from other geographical

regions. Particular emphasis was placed on: (1) recent multicity studies that employ standm dized
analysis methods for evaluating effects of PM and that provide overall estimates for effects based on
combined analyses of information pooled across multiple cities; (2) studies that help understand _ |
quantitative relationships between exposure concentrations and effects; (3) recent studies (published
since the last PM NAAQS review) that provide evidence on effects in susceptabie populations; and
(4) studies that consider and report PM as a component of a complex mixture of air pollutants.
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Continuous,
comprehensive
literature review
of peewevzewed

“No
Studies thatdo
notaddress -
‘exposure and/or
effects of air
pollutant(s) under
review are
excluded.

Figure 1-1.

”Informative >
studies
are identified. /

Studies added
‘to the docket
during public
comment period:

/\

'Studies-idenﬁﬁeé, _

during EPA

“sponsored kickoff

‘meeting (including
studies in -
preparation}.

Yes

7 Studies are -
evaluated for inclusion

. orAnnexes.

INFORMATIVE studies are well-designed,
properly implemented, thoroughly described.

HIGHLY INFORMATIVE studies reduce ~
uncertainty on critical issues, may include .
analyses of confounding or effect modification:

concentration-response or dose-response
relationships, analyses related to time
between exposure and response, and offer
, mnovatton in'method or design.

trations and:studies conducted in U.S;and
Canadian airsheds.

N ,. 'j

Selectioni of
studies

discussed and
additional studies
“identified during

CASAC peer
review of draft

document.”

in the ISA and/

figure. -

L those that pmvlde a basis for or describe %he association between the criteria L
pollutant and effects. Studies summarized in tables and figures are included
- because they are sufﬂcnently comparable to be dlspiayed together. Astudy ©
 highlighted in the [SA text does not necessanly appear in a summary table or

 ISA

J

All newly identif ed nformatlve studles are mcluded in the Annexes Older, key
studies mcluded in previous assessments may be mcluded as well.

ANNEXES
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by copollutants or other variables, analyses of

POLiCY«RELEVANT studies may include
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Evaluation and Use of Epidemiological Evidence for Environmental Health Risk Assessment
EUR/00/5020369, WHO, 2000.

4.2 Recommendations for the evaluation of epidemiological evidence for

Health Hazard Characterization ' .

The Working Group recommended five general guidelines for five aspects of the evaluation of
epidemiological research:

1. Development of a protocol for the review. Expert assessments of epidemiological
evidence for Health Hazard Characterization should be conducted systematically according
to an explicit protocol, defined in advance. The objectives of a systematic review are
transparency, avoidance of bias, validity, replicability, and comprehensiveness. A
systematic approach provides an efficient way of updating the evidence base as new
studies emerge, and will facilitate research planning. A protocol for the systematic review
ensures that the expert group has a common understanding of its task, and will adhere to
the systematic approach recommended by WHO. It is expected that revisions of the
protocol may be needed as new aspects of the task emerge during the review. The essential
components of the protocol will be:

e Specification of the question(s) to be addressed by the Health Hazard Characterization.

e Justification of the expertise represented in the Health Hazard Characterization expert
group. The criteria for selection should be based on having the appropriate mix of
scientific expertise and experience. Within these criteria, WHO will also consider the
need for geographical representation. ’

¢ Specification of the methods to be used for identification of relevant studies,
assessment of evidence of the individual studies and interpretation of the entire body
of available evidence (see below).

2. Identification of relevant studies. The assessment should be based on comprehensive
identification of all relevant studies. A comprehensive bibliographic search would include
the following: '

o involvement of qualified searchers (e.g. librarians, trained investigators);

o definition of an explicit search strategy including identification of key words;

o an effort to include all available studies;

« searching of bibliographic databases;

« inclusion of non-English reports.
Optional methods, which might be considered by the expert group include hand searching of
journals, and inclusion of abstracts and unpublished data (including writing to authors of
published data).

3. Systematic assessment of the validity of epidemiological studies. As Hill (1965)
emphasized, this assessment should aim at answering the question “Is there any other way
of explaining the set of facts before us [study results], is there any other answer equally, or
more, likely than cause and effect?” The evaluation should consider:
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The evidence on strength of association, its temporality, biological plausibility,
coherence, consistency and specificity.

Characteristics of exposure response-relationships. The demonstration of specific
patterns of association can provide strong support for causal interpretations if
pathophysiological models agree with them. In such cases, more complex, and hence
less implausible, patterns of confounding or bias are required as counter-explanations.
In addition, the information on exposure-response relationships in particular study
populations is an important component in Health Impact Assessments of other
populations (see Section 4.3).

Alternative explanations for the observed associations. They fall into three categories:
chance, bias (information, selection, analytic), and confounding.

Results of any sensitivity analysis. In such analysis the outcome variable(s) are
examined with respect to (1) changes in expression of exposure variables, (2) addition
of other plausible explanatory variables, and/or (3) introduction or removal of
confounding variables.

4, Conduct of systematic overviews of evidence from multiple studies: the use of
metaanalysis. '

~ Although meta-analysis is widely viewed as simply a method for statistically

combining the results of multiple studies, it can contribute more to hazard characterization
when viewed as a quantitative review of the literature, a “study of studies”. Conducted in
this way, a meta-analysis looks for consistent patterns among, and sources of discrepancies
between, studies (Greenland 1987, Rothman & Greenland 1998). Expert groups should
consider the following questions when conducting meta-analyses.

How will heterogeneity among studies be assessed?
Will summary effect estimates be calculated, and by which methods?

The Working Group recommends that expert review groups consider the following issues
when designing and conducting quantitative reviews (meta-analyses) of epidemiological
literature or assessing their findings:

Protocol. Each meta-analysis must have its own protocol, perhaps “nested” within the
overall protocol for the health hazard characterization. The protocol should include a
clear

statement of the objectives of the review, and the methods to be employed.

Inclusion criteria. It is desirable for a meta-analysis to be inclusive rather than exclusive.
Sensitivity to various inclusion criteria can then be examined.

Use of quality scores. Reducing the features of a set of epidemiological studies to a single
measure of “quality” is not recommended because these features may affect the results of
the studies in different directions and to varying degrees. It is preferable to assess the
characteristics of the primary studies individually.

Chance. In meta-analysis, the results are usually weighted by the statistical precision (in
general, by the amount of information) of each primary study. Adjustment for the amount
of information can be achieved through either inverse-variance weighting or random
effects models.
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e Publication bias. The results of certain kinds of primary studies are more likely to be
published than of the others. Publication bias can be detected, minimized or corrected. Its
impact can, and should, also be assessed by sensitivity analysis.

o Assessment of overall heterogeneity. Systematic, quantitative assessment of heterogeneity
may contribute significantly to the identification of both methodological and “natural”
sources of variability of epidemiological effect estimates, including the identification of
susceptible subgroups and exposure conditions.

o Meta-analytic methods that may be used to compare studies. E.g. stratified analysis or
meta-regression.

o Sensitivity analyses. Such analyses might, for example, examine the sensitivity of
summary estimates to reasonable alternatives with regard to the inclusion and exclusion
of particular studies. One can also evaluate the sensitivity to alternative approaches to the
extraction of results from published reports.

o Methods to obtain summary estimates from different studies (aggregative meta-analysis).
Though quantitative summary estimates are not essential for health hazard
characterization,they will be a particularly useful input to the Health Impact Assessment
(see Section 4.3).

5. Drawing conclusions from epidemiological evidence. After the epidemiological
evidence has been evaluated and appropriately summarized, as discussed above, expert
judgement as to whether the observed associations are most consistent with a causal
explanation or some alternative is required. This judgement should draw upon all the
available epidemiological evidence, as well as on evidence from toxicology, clinical
medicine, and other disciplines, as appropriate. The method of choice is critical scientific
thinking: there are no formulas or checklists that will suffice, although, as.noted above,
Hill’s attributes can provide useful guidance and focus. It is critical, however, that expert
review groups make explicit the process of scientific reasoning that led to a judgement
concerning causality. This explanation should include explanations of:

o how expert reviewers weighted particular features of the epidemiological studies
(e.g. assessments of bias, confounding, exposure-response) in reaching their judgement;
e how expert reviewers used guidelines such as Hill’s attributes; . ‘
e how non-epidemiological sources of evidence figured in their interpretation of the
epidemiological evidence, and how that evidence contributed to their overall judgement.

Expert judgments concerning the causal nature of observed associations are often accompanied
by qualifications as to the degree of uncertainty. When the product of a Health Hazard
Characterization is presented as a conclusion regarding the existence (or non-existence) of a
hazard, the degree of uncertainty is sometimes expressed on a qualitative (“weak, moderate,
strong evidence for hazard”) or on a quantitative scale. If a quantitative scale is devised it should
be capable of being reproduced by other experts. In either case, the use of a particular scale, and
the meaning of its levels, should be clearly explained. More generally, it may be useful in the
future to standardize such scales in order to avoid problems of non-comparability among the
reviews produced by different expert review groups. :
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Dear Workshop Participants:

Attached please find the following materials related to the September 23-24, 2010
State of the Science Workshop: Evaluation of Epidemiological Data Consistency For
Application In Regulatory Risk Assessment: 1) background information document and
appendix material; 2) workshop agenda; 3) travel information form; 4) travel expense
form; and 5) W-9 form.

Please note that the background information material has been developed to
stimulate and inform the workshop discussions through examples and materials that
illustrate the issues that will be the focus of workshop discussions. The intent is not
to engage in a review or critique of the specific study methodology or data quality,
nor the study’s findings or interpretation of the results as applied to regulatory policy.
Please bring a copy of the background information document with you to refer to
during the workshop. To reduce paper waste, we are supplying the workshop
background materials in electronic form. If you would like us to provide you with a
hard copy print version of the document and appendix, please let me know. Also, as
noted in the background information document, we can provide you with a copy of
the full papers discussed in the case study examples. While we hope you will review
this material in advance of the workshop, we are not requesting your response to this
material in advance of the workshop.

Sleeping room reservations at the Conference Center have been made for those
indicating they require a room based on the information previously provided to us on
the travel information form sent to you earlier this summer. If you have not already
returned the form to us, please do so immediately as there are a limited humber of
rooms available. For those arriving on September 22, please be aware that there is
no on-site dinner facility available at the Mt. Washington Conference Center. Several
restaurants are available in Mt. Washington Village, which is a short walk from the
Conference Center, or take out/delivery menus are available from the Front Desk.

For those requiring reimbursement of travel expenses associated with the workshop,
I have attached a travel reimbursement form for your use as well as a W-9 form for
U.S. citizens which we require to able to provide reimbursement.

If you have any questions regarding the workshop content or logistics, please let me
know. I look forward to seeing you at the Workshop.

Regards,

Ron White

Ronald H. White, MST
Associate Scientist, Department of Health Policy and Management



Deputy Director, Risk Sciences and Public Policy Institute
Johns Hopkins Bloomberg School of Public Health

624 N. Broadway, Rm. 511

Baltimore, MD 21205

(443) 287-5324 (p)

(410) 614-4535 (f)

rwhite@jhsph.edu

Thomas Bateson---07/23/2010 11:48:55 AM---This is an update for the NCEA
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Subject: Notice of upcoming workshop on evaluating consistency in epidemiologic data

This is an update for the NCEA epidemiologists (and other interested
folks) on the status of a workshop that has been in the works for some
time.

A contract has been awarded to Johns Hopkins University to create a
report entitled “State-of-the-Science: Evaluating Consistency in
Epidemiological Data: Issues and Approaches”. The State-of-the-
Science report will summarize the state-of-the-science for evaluating the
consistency of observed epidemiologic evidence of causal associations,
articulate lessons learned from past risk assessment experiences, raise
important issues, and foster discussion in the broad risk assessment
community. In particular, the report will seek to foster discussion across
sectors of the risk assessment community and stakeholders that
currently have limited interaction, e.g. academia, industry, government,
and the public interest sectors.

In advance of creating this report, John Hopkins will have a workshop
on "Assessing Consistency in Epidemiologic Data for Environmental
Health Risk Assessment."

The Workshop chairs will be Jonathan Samet and Thomas Burke and



the Workshop will be held in the Baltimore area at the Mt. Washington
Conference Center on September 23-24, 2010 beginning at 12:00 on
the first day and ending by 5:00 PM on the second day.

The agenda and the participant list are in the process of being finalized
and | will send those out when they have been completed.

Observers from NCEA are encouraged to attend and registration of
observers will be on a first come, first serve, basis. However, the
workshop will not provide travel funds for NCEA participants or
observers and arrangements for attendance should be through your
division.

| will provide updated information as it becomes available.

Thanks for your interest,

Tom

Thomas F. Bateson, ScD MPH

Epidemiologist

Effects Identification & Characterization Group
EPA/ORD/NCEA

1200 Pennsylvania Ave. NW (Mail Code 8623P)
Washington, DC 20460

Phone: 703-347-8570



